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(54) Surface position detecting method and scanning exposure method using the same 



(57) A surface position detecting method for detect- 
ing a surface position of a surface to be examined, hav- 
ing surface height irregularity, while relatively scanning 
the surface, is disclosed. The method includes detecting 
characteristic data related to a surface state at plural 



measurement positions on the surface, while relatively 
scanning the surface, and processing the detected char- 
acteristic data related to the measurement positions to 
determine a measurement position for measurement of 
the surface position in a subsequent surface position de- 
tecting process. 
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Description 

This invention relates to a surface position detecting 
method for detecting level (height) or tilt, for example, 
of a surface of a planar object such as a wafer, for ex- 
ample. More particularly, the invention is concerned with 
a surface position detecting method usable in a slit-scan 
type exposure apparatus, for successively detecting po- 
sition or tilt, for example, of a surface of a wafer with 
respect to the direction of an optical axis of a projection 
optical system. In another aspect, the invention is con- 
cerned with a surface position setting method for an ex- 
posure apparatus, for example, and/or with a scanning 
exposure apparatus using such surface position detect- 
ing/setting method. 

The size of memory chips is recently increasing due 
to the difference between the tendency of cell size or 
resolvable line width of an exposure apparatus and the 
tendency of enlargement of memory capacity. As an ex- 
ample, for the first generation of 256M memories, the 
chip size is about 14 x 25 (mm). 

For such chip size, with an exposure region of 31 
mm diameter of a reduction projection exposure appa- 
ratus (stepper) currently used as an exposure apparatus 
for a critical layer, only one chip can be exposed with 
one exposure operation. Thus, the throughput is very 
low. An exposure apparatus capable of exposure with a 
larger area is therefore desirable. 

As for large filed size exposure apparatus, there are 
reflection projection exposure apparatuses which are 
widely used as a semiconductor device exposure appa- 
ratus for use for rough layer with which a high throughput 
is required, or as an exposure apparatus for manufac- 
ture of large-field liquid crystal display devices such as 
monitors. Exposure apparatuses of this category com- 
prise a slit scan type exposure apparatus which is based 
on mask-to-wafer relative scan wherein a mask is line- 
arly scanned with illumination light of arcuate slit-like 
shape, and wherein a pattern of the mask is printed in 
a single exposure on to a wafer by means of a concentric 
reflection mirror optical system. 

As regards the focusing of a mask image in these 
exposure apparatuses, in order to continuously keep the 
exposure surface of a photosensitive substrate (such as 
a wafer or a glass plate which is coated with a photore- 
sist, for example) in registration with a best imaging 
plane of a projection optical system, height (level) meas- 
urement and autofocusing or auto-leveling correction 
drive are successively performed during the scan expo- 
sure process. 

As for surface position detecting mechanism in 
such apparatuses, there are a method in which an ob- 
lique light projection optical system is used to project a 
light beam on to a wafer surface obliquely from the 
above and in which reflection light from the photosensi- 
tive substrate is detected as a positional deviation upon 
a sensor, and a method in which a gap sensor such as 
an air microsensor or an elesctrostatic capacity sensor 



is used. In these methods, from plural values of meas- 
ured heights obtained during the scan, correction drive 
amount for height and tilt as a measurement position 
passes an exposure slit region is calculated and, based 
s on this, correction is made. 

If, in currently used slit scan type exposure appara- 
tuses, only the projection system thereof is modified to 
provide a resolving power that can meet the capacity of 
256M or larger, the following problems will be produced. 
10 Namely, with enlargement of numerical aperture (N. 
A.) of a reduction projection system to meet miniaturi- 
zation of circuit pattern, the tolerable depth of focus in 
the circuit pattern transfer process becomes narrower 
and narrower. With exposure apparatuses currently 
15 used for rough processes, a tolerable depth of focus of 
not less than 5 microns is assured. Therefore, a meas- 
urement error which may be included in measured val- 
ues, successively measured during the scan exposure 
process, or the effect of a surface level difference within 
20 a chip may be disregarded. However, in consideration 
of the capability to 256M, the tolerable depth is 1 micron 
or less. Thus, a measurement error in measured values 
or the effect of surface level difference within a chip 
could not be disregarded. 
25 Further, in the exposure sequence according to 
conventional stepper type process, after completion of 
focus correction at the exposure position the sequence 
goes on uninterruptedly (in series) to the start of expo- 
sure. Thus, any dispersion of focus measurement time 
30 does not have an influence on the precision. With the 
exposure sequence according to the slit scan type proc- 
ess, however, the exposure process is being done even 
during focus measurement. That is, both of them are 
performed simultaneously, in parallel processing. 
35 Therefore, any dispersion of focus measurement time 
will apply an influence, as a time delay component, upon 
the feedback loop of the focus correction system as a 
whole, including the driving system and, as a result, it 
may cause degradation of focus correction precision. 
to Moreover, there is a problem of surface level irreg- 
ularity on the chip surface, which is a difficulty to be 
solved to accomplish high precision focus detection. As 
an approach from the process side, in relation to the in- 
sufficiency of tolerable depth of focus, those methods 
4$ which uses a recess array or CMP to provide a surface 
step structure of low level difference have been devel- 
oped. Even with those methods, there still remains a 
surface level difference of about 0.5 micron. Particularly 
with regard to a peripheral circuit portion or a scribe line 
50 portion, a step-like surface level difference structure re- 
mains. At such structure portion, even after application 
of a resist material, there remains a slow inclination on 
the surface and, as a result of it, the following problems 
are produced. 

55 Namely, when a surface having such slow inclina- 
tion is to be detected by use of an oblique light projection 
type height detection system, there is a possibility that 
the intensity of detection light becomes extraordinarily 
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low. This is because in this detection system the detec- 
tion light path is limited so as to detect only reflection 
light having substantially the same angle as the inci- 
dence angle, to thereby avoid reception of noise light. If 
the diameter of a light receiving stop at the detection 
light path side is enlarged in an attempt to increasing 
the intensity of detection light from the inclined surface 
portion, the intensity of noise light also increases which, 
as a consequence, enlarges the measurement error. It 
is therefore undesirable to enlarge the diameter of the 
light receiving stop immoderately. 

When the inclined surface region of the portion to 
be measured is small as compared with the size of the 
detection beam, the shape of a detection waveform may 
be deformed asymmetrically which in turn may result in 
a large measurement error. Such phenomenon may 
easily appear particularly in relation to a scribe line por- 
tion, as compared with the chip region, with respect to 
which no process control is made. Also, there is small 
reproducibility within the wafer. It is therefore difficult to 
correct the same by use of offset. If under such situation 
the focus measurement in slit scan is done, there is a 
possibility that the focus detection is disabled in the 
course of the scan exposure such that the scan expo- 
sure is interrupted. Alternatively, a large defocus may 
be created to cause production of defective chips. 

Measured values which may cause a problem may 
be excluded during the measurement in the scan expo- 
sure. However, executing such processing within a lim- 
ited measurement time may cause complicatedness of 
the system. Even such a system is arranged, variation 
of measurement time or decrease of throughput may 
cause degradation of focus precision. Namely, in a sys- 
tem in which the focus correction is to be made in real 
time fashion and the exposure process is to be made 
simultaneously therewith, what is most important is 
smooth operational association between units. If the 
balance is destroyed, there will occur various problems 
such as shift of offset correction timing or phase shift of 
delay compensation in the correction system and, final- 
ly, a resolution performance as designed will not be pro- 
vided. 

On the other hand, in the autofocusing or auto- lev- 
eling in a slit scan type exposure apparatus, a wafer 
moves during the exposure process and, for this reason, 
there is a possibility that, in accordance with the rate 
determination by the response speed of a focus plane 
detection system and of a wafer stage height (wafer 
height) driving system, a following-up error (i.e., focus 
error) is created. 

This will be explained in detail, in conjunction with 
Figure 10. In Figure 10(a), it is assumed that a pattern 
of a reticle is going to be printed on an exposure region 
C on the surface of a wafer 41 which is being moved in 
a direction of an arrow X. If height measuring means 
40A is provided at a position of the center A of the ex- 
posure region C and the wafer stage drive is made on 
the basis of a measured value therefrom, because of 



the response delay described above, the wafer surface 
can not follow the focus plane. In consideration of this, 
usually in scan type exposur apparatuses the height 
measuring means is provided at a position different from 

s the point A on the exposure region C and the height of 
the wafer surface is measured beforehand. As that po- 
sition comes to the exposure position, the wafer height 
is adjusted into the exposure plane. In Figure 10(a), 
height measuring means 40 B is provided at a position 

10 before the exposure region center A with respect to the 
wafer movement direction, which position is spaced by 
a distance d from the center A. At the moment as the 
point A comes to the position just below the height 
measuring means 40B, the height of the wafer surface 

is at the point A is measured. Then, at the moment as the 
point A comes to the position below the exposure region 
C, the wafer height is adjusted to the exposure plane. 
The sampling interval in this case corresponds to the 
time period % = d/s where s is the wafer scan speed) 

20 by which the wafer moves through the distance d. 

Figure 1 0(b) shows the relation among a wafer sur- 
face 41, a wafer height 42 as moved, and a difference 
between the wafer surface 41 and the wafer height 42 
as moved, that is, the focus error 43, in a case where 

25 the response speeds of the detection system and the 
driving system are slow as compared with the wafer 
scan speed (sampling interval y. Due to such response 
delay, there is a large focus error. 

Figure 10(c) shows the relation among a wafer sur- 

30 face 41 , a wafer height 44 as moved, and a focus error 
45 in a case where the response speeds of the detection 
system and the driving system are higher as compared 
with the wafer scan speed. Since the response speed 
is higher than the measurement interval, there is a larger 

35 focus error between measurement points. 

Figure 1 0(d) shows an example where the sampling 
interval is shortened so as to avoid this. The sampling 
interval is made to be equal to the time in which the wafer 
moves through a distance d/5. Also, there is shown the 

40 relation among a wafer surface 41 , a wafer height 46 as 
moved, and a focus error 47. The focus error is small, 
and good following-up is assured. 

However, shortening the sampling interval will 
cause the following problems. As a result of flattening 

45 through a CMP method, for example, to the cell portion 
and the peripheral circuit portion, within the wafer sur- 
face there may be a surface level difference of only 
about 1 micron. However, when a wafer outer peripheral 
portion is to be exposed and the drive is to be made from 

50 the outside to the inside of the wafer, the wafer height 
has to be changed by a few tens microns within a time 
period in which the wafer moves through a distance d 
of the spacing of sensors. Thus, it is not possible to de- 
termine the sensor spacing d on the basis of only the 

55 surface level difference within the wafer. Further, when 
the sampling interval is to be reduced and if an accumu- 
lation type detecting means such as CCD, for example, 
is used, a finite accumulation time is necessary and it 
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defines the rate determination. Also, the quantity of traf- 
fic flowing through the data bus of the measurement sys- 
tem increases. As a result, th control system becomes 
complicated and expensive. 

The above-described points are problems of the 
wafer height measuring system. In addition to them, 
there is a problem of abbe error which may be created 
by inclination of the surface of a bar mirror of a laser 
interferometer when the wafer height is changed. In con- 
ventional apparatuses in which a wafer is exposed while 
it is held stationary, such abbe error is corrected by mov- 
ing the stage in X and Y directions by an amount effec- 
tive to correct other components (X and Y components) 
created by the wafer height driving. Moving the X-Y 
stage takes a longer time until the target position is 
reached as compared with a case where drive is made 
in the wafer height direction, since the mass of the com- 
ponents to be driven is larger. However, in this type of 
apparatuses, the exposure process starts after the X-Y 
stage reaches the target position. Thus, there is no pos- 
sibility that the abbe correction has an influence upon 
the printing linewidth precision or exposure position pre- 
cision, for example. 

In scan type exposure apparatuses, however, since 
the abbe correction has to be done during scan of the 
stage, the following problem will arise. When a reticle 
and a wafer are scanned for exposure by use of a scan 
type exposure apparatus, the wafer stage and the reticle 
stage have a large mass as described and, therefore, 
fine control of them is not easy to achieve. Usually, drive 
pattern for them is based on a trapezoidal profile drive 
in which a constant-speed portion of the drive profile is 
used for the printing process. If abbe correction drive is 
added to this, the target value for the constant-speed 
profile portion during the printing process has to be re- 
written. If the amount of changing the target value is 
large, vibration may be created in relation to the stage 
drive which vibration in turn may result in degradation 
of linewidth precision of the printing process. Such prob- 
lem will be more notable with enlargement of the wafer 
size to 1 0-inch or 1 2-inch wafer and with corresponding 
increases in mass of the stage. 

In accordance with an aspect of the present inven- 
tion, there is provided a surface position detecting meth- 
od for detecting a surface position of a surface to be 
examined, having surface height irregularity, while rela- 
tively scanning the surface, said method comprising the 
steps of: detecting characteristic data related to a sur- 
face state at plural measurement positions on the sur- 
face, while relatively scanning the surface; and process- 
ing the detected characteristic data related to the meas- 
urement positions to determine a measurement position 
for measurement of the surface position in a subsequent 
surface position detecting process. 

In said characteristic data detection, surface posi- 
tion data and a characteristic amount which represents 
a shape of a detection signal may be detected. 

In accordance with another aspect of the present 
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invention, there is provided a scanning exposur meth- 
od for printing a pattern of an original on to a substrate 
while relatively scanning the original and the substrate, 
said method comprising th steps of: detecting charac- 
s teristic data related to a surface state at plural measure- 
ment positions on the surface of the substrate, while rel- 
atively scanning the substrate surface; and processing 
the detected characteristic data related to the measure- 
ment positions to determine a measurement position for 
10 measurement of the surface position to the substrate 
surface in surface position detection during a scanning 
exposure process. 

In said characteristic data detection, surface posi- 
tion data and a characteristic amount which represents 
15 a shape of a detection signal may be detected. 

Said characteristic data detection may include de- 
tecting the characteristic data while performing the rel- 
ative scan at a scan speed lower than the scan speed 
during the scan exposure process. 
20 Said determination of measurement position may 
include determination of a measurement position for 
measurement of the surface position of the substrate 
surface in accordance with a scan speed during the 
scan exposure process. 
25 The substrate may comprise a wafer on which a pat- 
tern is formed. 

Said method may further comprise detecting char- 
acteristic data related to plural wafers each having the 
same pattern as of said wafer, memorizing measure- 
30 ment position information determined on the basis of the 
characteristic data, and performing surface position 
measurement to each of said plural wafers on the basis 
of at least one of the memorized measurement posi- 
tions. 

35 in accordance with a further aspect of the present 
invention, there is provided a surface position setting 
method for setting a surface position of a substrate, said 
method comprising: a measuring step for measuring a 
surface position of the substrate surface at a measure- 

40 ment position, while relatively scanning the substrate 
surface relative to the measurement position; a driving 
step for setting a target value, when a predetermined 
location on the substrate having passed the measure- 
ment position is placed at a predetermined position in a 

45 scan direction, on the basis of a measured value ob- 
tained in said measuring step, and for moving the sub- 
strate so that the surface position of the substrate is reg- 
istered with the target value; a setting step for setting a 
time interval for changing the target value in said driving 

50 step, to be shorter than a time interval of measurement 
in said measuring step; and a determining step for de- 
termining a target value in relation to a particular location 
between different measurement positions on the sub- 
strate, on the basis of measured values related to those 

55 measurement positions before and after the particular 
location. 

In said determining step, the target value in relation 
to the particular location may be determined on the basis 
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of interpolation of the measured values related to those 
measurement positions before and after the particular 
location. 

The interpolation may comprise one of linear inter- 
polation and multiple approximation interpolation. 

Said method may further comprise measuring a po- 
sition of the substrate with respect to one of the scan 
direction and a direction perpendicular to the scan di- 
rection, performing a correction drive to move the sub- 
strate to a predetermined position, and setting a time 
interval for the correction drive to be shorter than the 
time interval for the surface position measurement. 

In accordance with a still further aspect of the 
present invention, there is provided a scanning expo- 
sure method for printing a pattern of an original on to a 
substrate while relatively scanning the original and the 
substrate, said method comprising: a measuring step for 
measuring a surface position of the surface of the sub- 
strate ata measurement position, while relatively scan- 
ning the substrate surface relative to the measurement 
position; a driving step for setting a target value, when 
a predetermined location on the substrate having 
passed the measurement position is placed at an expo- 
sure position, on the basis of a measured value obtained 
in said measuring step, and for moving the substrate so 
that the surface position of the substrate is registered 
with the target value; a setting step for setting a time 
interval for changing the target value in said driving step, 
to be shorter than a time interval of measurement in said 
measuring step; and a determining step for determining 
a target value in relation to a particular location between 
different measurement positions on the substrate, on 
the basis of measured values related to those measure- 
ment positions before and after the particular location. 

In said determining step, the target value in relation 
to the particular location may be determined on the basis 
of interpolation of the measured values related to those 
measurement positions before and after the particular 
location. 

The interpolation may comprise one of linear inter- 
polation and multiple approximation interpolation. 

Said method may further comprise measuring a po- 
sition of the substrate with respect to one of the scan 
direction and a direction perpendicular to the scan di- 
rection, performing a correction drive to move the sub- 
strate to a predetermined position, and setting a time 
interval for the correction drive to be shorter than the 
time interval for the surface position measurement. 

Embodiments of the present invention will now be 
described with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic view of a main portion of a 
slit scan type projection exposure apparatus which uses 
a surface position detecting method according to an em- 
bodiment of the present invention. 

Figure 2 is a schematic view for explaining position- 
al relationship between an exposure slit and measure- 
ment points, in the surface position detection through a 



detection optical system of the Figure 1 embodiment. 

Figure 3 is a schematic plan view for explaining an 
example of disposition of exposure regions on a wafer 
and selection of sample shots for prescan in an embod- 
s iment of th present invention. 

Figure 4 is a flow chart for explaining outline of se- 
quence from wafer loading to wafer unloading, in the ap- 
paratus of Figure 1 . 

Figures 5 A and 5B are schematic views, respective- 
10 |y, for explaining measurement points on a chip of a wa- 
fer and measured values at these measurement points, 
in the embodiment of Figure 1. 

Figure 6 is a schematic view for explaining the phe- 
nomenon which may occur at a surface level difference 
15 between chips of a wafer, in the embodiment of Figure 1. 
Figures 7A and 7B are schematic views, respective- 
ly, for explaining detection signals produced in the em- 
bodiment of Figure 1 . 

Figure 8 is a flow chart for explaining outline of the 
20 sequence for measurement point selection, offset 
measurement and surface position correction drive for 
each shot in the exposure process, in a surface position 
detecting method according to an embodiment of the 
present invention. 
25 Figure 9 is a schematic view for explaining an error 
related to sensor mounting position, in an example ac- 
cording to the present invention. 

Figure 10 is a schematic view for explaining the re- 
lationship between wafer height, exposure region and 
30 height measurement position. 

Figure 11 is a schematic view for explaining the re- 
lation between wafer height, exposure region and height 
measurement position, in a second embodiment of the 
present invention. 
35 Figures 1 2A and 1 2B are schematic views, respec- 
tively, for explaining the relation between the wafer 
height and positional deviation of X stage, in the second 
embodiment of the present invention. 

Figure 13 is a flow diagram of a method of manu- 
40 facturing semiconductor devices; 

Figure 14 is a flow diagram of wafer processing. 

[First Embodiment] 

45 Figure 1 is a schematic view of a portion of a slit- 
scan type projection exposure apparatus which is based 
on a surface position detecting method according to an 
embodiment of the present invention. 

Denoted in Figure 1 at 1 is a reduction projection 

so lens having an optical axis, denoted at AX in the draw- 
ing, and an image plane which is placed perpendicularly 
to Z direction illustrated. Reticle 2 is held by a reticle 
stage 3. The pattern of the reticle 2 is projected in a re- 
duced scale of 1/4 or 1/2, according to the magnification 

55 of the projection lens, whereby an image of the pattern 
is formed on the image plane of the projection lens. De- 
noted at 4 is a wafer having a resist coating on its sur- 
face. There are a number of exposure zones (shots) on 
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the wafer surface, which have been defined through a 
preceding exposure process or processes. Denoted at 
5 is a stage for carrying a wafer thereon. The stage 5 
includes a chuck for holding the wafer 4 on the wafer 
stage, by attraction, an X-Y stage being horizontally 
movable in X-axis and Y-axis directions, a leveling stage 
being movable in Z-axis direction (optical axis direction 
of the projection lens 1 ) and also being rotationally mov- 
able about axes parallel to the X and Y axes, respec- 
tively, and a rotatable stage being rotationally movable 
about an axis parallel to the Z axis. The stage mecha- 
nism thus provides a six-axis correction system for 
bringing a reticle pattern image into registration with 
each exposure zone on the wafer. 

The elements in Figure 1 denoted by reference nu- 
merals 1 - 10 function as components of a detection op- 
tical system for detecting the surface position or tilt of 
the wafer 4. Denoted at 10 is a light source. It may com- 
prise a white lamp, or it may comprise an illumination 
unit which is arranged to project light of a high-lumi- 
nance light emitting diode, having different peak wave- 
lengths. Denoted at 11 is a collimator lens which re- 
ceives the light from the light source 1 0 and projects par- 
allel light having substantially uniform sectional intensity 
distribution. Denoted at 12 is a slit member of prism-like 
shape, and it comprises a pair of prisms being cemented 
to each other so that their slant surfaces are opposed 
to each other. At the cemented surfaces, there are plural 
openings (e.g., six pinholes) which are defined by use 
of s chromium film, for example. Denoted at 1 3 is a lens 
system of dual-telecentric system, which serves to di- 
rect six light beams having passed through the pinholes 
of the slit member 1 2, respectively, to six measurement 
points on the wafer 4 surface, via a mirror 1 4. While only 
two beams are illustrated in the drawing, each beam 
represents there beams juxtaposed in parallel to each 
other with respect to the direction perpendicular to the 
sheet of the drawing. Here, with respect to the lens sys- 
tem 13, the plane on which the pinholes are formed and 
the plane including the wafer 4 surface are set to satisfy 
the Scheinmpflug's condition. 

In this embodiment, the incidence angle 0 of each 
light beam from the light projecting means on to the wa- 
fer 4 surface (the angle with respect to a normal to the 
wafer surface, i.e., with respect to the optical axis) is 0 
= 70 deg. or more. As shown in Figure 3, there are a 
plurality of pattern regions (exposure zone shots) juxta- 
posed, on the wafer 4 surface. The six light beams pass- 
ing the lens system 13 are incident on separate meas- 
urement points in a particular pattern region, as shown 
in Figure 2, and they are imaged thereon. Also, in order 
that the six measurement points may be observed upon 
the wafer 4 surface independently of each other, the light 
beams are projected in a direction rotated by an angle 
e (e.g., 22.5 deg.) within the X-Y plane, from the X di- 
rection (scan direction). 

The above-described arrangement enables opti- 
mum spatial disposition of various components, as pro- 



posed in Japanese Patent Application, Application No. 
157822/1991, filed in the name of the assignee of the 
subject application, and ensures high-precision detec- 
tion of surface position information. 
5 Next, the portion for detecting reflection light from 
the wafer 4, namely, components 15-19, will be de- 
scribed. Denoted at 16 is a light receiving lens of dual 
telecentric system, which serves to receive six reflection 
light beams from the wafer 4 surface. Stopper 1 7 dis- 
10 posed within the light receiving lens 1 6 serves as a com- 
mon stop in relation to the six measurement points, and 
it serves to block higher-order diffraction light (noise 
light) which may be created by a circuit pattern formed 
on the wafer 4. The light beams passing the light receiv- 
es ing lens 16, comprising a dual telecentric lens system, 
have their optical axes disposed parallel to each other, 
and they are re -imaged upon a detection surface of a 
photoelectric converging means group 1 9, by means of 
six separate correction lenses of a correction optical 
20 system group 18, so that they form light spots of the 
same size upon the detection surface. This light receiv- 
ing side, namely, components 16 - 18, is arranged to 
provide tilt correction so that all the measurement points 
on the wafer 4 surface and the detection surface of the 
25 photoelectric converting means group 1 9 are placed in 
an optically conjugate relation with each other. There- 
fore, any local inclination at any measurement point 
does not cause change in position of a pinhole image 
upon the detection surface. Thus, in response to a 
30 change in level (height) of each measurement point with 
respect to the optical axis AX direction, the pinhole im- 
age displaces upon the detection surface. 

Here, the photoelectric converting means group 1 9 
comprises six one-dimensional (linear) CCD line sen- 
35 sors. This is advantageous over use of a two-dimension- 
al (area) sensor, in the following points. First, because 
of separation of photoelectric converting devices, in de- 
sign of the correction optical system group 18, the lati- 
tude of disposition of various optical elements and a me- 
40 chanical holder becomes larger. Further, while the opti- 
cal magnification from the mirror 1 5 to the correction op- 
tical system group 18 should be made large for en- 
hanced resolution of detection, also in this respect, the 
arrangement of dividing the light path so that separate 
45 lights are incident on individual sensors, respectively, 
enables compact disposition of elements. Moreover, in 
the slit-scan method, it is inevitable to execute succes- 
sive focus measurements during the exposure process 
and therefore reduction of measurement time is an ab- 
so solutely required factor. With conventional two-dimen- 
sional CCD sensor, although it may be attributable to 
reading-out of data, more than required, it takes a read- 
out time ten times longer or more of that with a one- 
dimensional CCD sensor. 
55 Next, an exposure system of slit-scan type will be 
described. 

As shown in Figure 1 , the reticle 2 is held by attrac- 
tion on the reticle stage 3. Thereafter, it is scanningly 
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moved at a constant speed, along a plane perpendicular 
to the optical axis AX of the projection lens 1 and in a 
direction RX (X-axis direction). Also, with respect to a 
direction RY (Y-axis direction, perpendicular to the sheet 
of the drawing), corr ction drive of the reticle is per- 
formed so that a target coordinate position is constantly 
scanned. Positional information of the reticle stage with 
respect to the X direction and the Y direction, is contin- 
uously measured by projecting a plurality of laser 
beams, from an external reticle interferometer system 
(X and Y) 21 , on to an X-Y bar mirror 20 which is fixedly 
provided on the reticle stage 3 of Figure 1. 

Exposure illumination optical system 6 uses a light 
source, such as an excimer laser, for example, which 
produces pulse light. While not shown in the drawing, 
the exposure illumination optical system 6 further com- 
prises a beam shaping optical system, an optica! inte- 
grator, a collimator and a mirror, for example. These 
components are made of a material or materials effec- 
tively transmit or reflect pulse light of deep ultraviolet 
region. The beam shaping optical system serves to 
transform a received light beam into a desired sectional 
shape, including size. The optical integrator serves to 
uniform the distribution characteristic of light so that the 
reticle 2 may be illuminated with uniform illuminance. By 
means of a masking blade, not shown, provided in the 
exposure illumination optical system 6, a rectangular il- 
lumination region corresponding to the chip size is de- 
fined. A pattern of the reticle 2 as locally or partially illu- 
minated with that illumination region, is projected by the 
projection lens 1 on to the wafer 4 which is coated with 
a resist material. 

Main control 27 shown in Figure 1 controls the 
whole system so that the scanning exposure process is 
performed to scanningly expose a predetermined zone 
on the wafer 4 with a slit image of the reticle 2, while 
adjusting the position within the X-Y plane (X and Y po- 
sitions as well as rotation 9 about an axis parallel to Z 
axis) and the position in Z direction (rotations a and p 
about axes parallel to X and Y axes, respectively, as well 
as height Z along the Z axis). More specifically, as re- 
gards alignment of the reticle pattern within the X-Y 
plane, control data is calculated from positional data ob- 
tained through the reticle interferometer 21 and a wafer 
stage interferometer 24 as well as from wafer positional 
data obtained through an alignment microscope, not 
shown. In accordance with the thus produced control 
data, a reticle position control system 22 and a wafer 
position control system 25 are controlled, to accomplish 
the alignment. When the reticle stage 3 is scanningly 
moved in a direction of an arrow 3a in Figure 1 , the wafer 
stage 5 is moved in a direction of an arrow 5a in Figure 
1 , at a speed corrected in accordance with the reduction 
magnification of the projection lens. The scanning 
speed of the reticle stage 3 may be determined to pro- 
vide a higher throughput, on the basis of the width of the 
masking blade (not shown) of the exposure illumination 
optical system 6 in the scan direction and the sensitivity 



of a resist material applied to the wafer 4 surface. 

As regards alignment of the reticle pattern with re- 
spect to the Z-axis direction, namely, registration with 
the image plane, it is performed so that, on the basis of 
s the result of calculation in a surface position detecting 
system 26 which serves to detect height data of the wa- 
fer 4, the leveling stage of the wafer stage is controlled 
by means of the wafer position control system 25. More 
specifically, from the height data at three measurement 
light spots, for wafer surface level measurement, de- 
fined in the vicinity of the slit with respect to the scan 
direction, the tilt in a direction perpendicular to the scan 
direction as well as the height with respect to the optical 
axis AX direction are calculated. Then, on the basis of 
this, correction amount for optimum image plane posi- 
tion, at the exposure position, is determined. Correction 
is made in accordance with this determination. 

Next, a method of detecting the position of an ex- 
posure region on the wafer 4, in accordance with a sur- 
face position detecting method of the present invention, 
will be explained. Referring first to the flow chart of Fig- 
ure 4, an outline of the correction method will be de- 
scribed. 

In response to a start command at step 1 01 , a wafer 
is loaded on to the stage, and it is attracted to and held 
by the chuck, at step 2. Thereafter, for measurement of 
surface shape inside an exposure region of a chip, at 
step 103 prescan measurement is performed in a pre- 
determined sample shot region. Then, at step 104, by 
using measured scan focus detection value, measure- 
ment points for measurement of focus detection value, 
best for correction of the exposure region into the expo- 
sure image plane position, are selected. After the selec- 
tion, at step 105, for determination of a correction term 
for specifying the surface shape within the exposure re- 
gion of the chip, prescan measurement is performed 
again with respect to plural sample shot regions. At step 
106, by using measured scan focus detection value, a 
correction term for correcting the measured value, dur- 
ing the scan, into the optimum exposure image plane 
position, is determined. After calculation of correction 
term, at step 107 the scan exposure sequence for re- 
spective exposure positions is initiated, and, while cor- 
recting a focus detection value at a selected measure- 
ment position with the correction value, calculation of 
correction amount for registering the exposure region 
with the exposure image plane as well as corrective 
drive are performed. 

Next, a method of measurement position selection 
for measurement of a best focus detection value, will be 
described in detail. Before it, a method of determining a 
focus measurement point in scanning exposure proc- 
ess, will be explained. Since in the stepper type expo- 
sure process the stage is stopped at the exposure po- 
sition, determination may be accomplished by measur- 
ing the focus at the stopped position and correcting it, 
that is, by performing focus and tilt measurement with 
respect to at least one location common to shots. Since 
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however in the scan type exposure process the stage 
moves continuously during the exposure of shot, meas- 
urement has to be made to plural points in the shot. Fur- 
ther, the measurement position or timing has to be de- 
termined in consideration of many factors such as as- 
sociation with a driving system, slit width, scan speed 
and the like. If, as for such determination factors, there 
are a slit width Ws, a focus measurement time Tm, a 
focus correction time Td and a stage scan speed V, in 
a case where the periodicity of surface irregularity of the 
exposure region is f , from the sampling theorem the cor- 
rection cycle 1/(Tm+Td) in the exposure process should 
be not smaller than 2f. Namely, if the period of surface 
irregularity, taking a peripheral circuit portion as one pe- 
riod, is 3 mm, then the cycle time in a case where the 
correction including detection and/or correction of that 
surface irregularity is to be executed should be not long- 
er than 3/(2xV). In such case, if the scan speed V is V 
= 100 mm/sec, the cycle time is equal to 15 ms. If cor- 
rection is included and in consideration of response time 
of the driving system, it may be difficult to accomplish. 
A practical solution may be slowing down the scan 
speed. However, it is not desirable because the through- 
put reduces. If however this time period is assigned only 
to the detection, the detection can well be accomplished 
and it is possible to detect the surface state of the wafer. 
From this point, with the method in which the surface 
state is detected by prescan and the characteristic of 
surface irregularity of the exposure surface is detected 
thereby and in which the measurement position in actual 
exposure process, as necessary for detection in actual 
exposure process and as can be corrected from the cor- 
rection cycle time, is determined, it is possible to provide 
a scan system which enables focus correction without 
decreasing the throughput. Also, since in exposure 
process the exposure area has a finite slit width Ws, for 
each slit size a correction precision similar to that of a 
stepper can be accomplished, provided that a relation 
with which focus measurement can be performed with 
respect to at least one point within the slit, namely, a 
relation Ws/V > (Tm+Td), is satisfied. In consideration 
of that focus is averaged during the scan exposure, it 
will be readily understood that such correction system 
as described is good enough. 

[Example 1] 

An example of scan measurement of focus value to 
an exposure region of a wafer, while holding the stage 
height correction system fixed, will now be described. 
As shown in Figure 5A, an exposure region is divided 
into four zones, and measurement is made to thirteen 
points while scanning these zones with five focus meas- 
urement sensors a - e. Figure 5B shows the result of 
measurement. In Figure 5B, for better understanding, 
measured values of sensors b and d are not plotted. The 
axis of abscissa denotes position coordinate in scan di- 
rection, and the axis of ordinates represents focus 



measured value. Each dot represents a measured result 
at a measurement position by a corresponding sensor. 
Curves in the drawing are approximation curves as hav- 
ing been calculated in accordanc with a least square 

5 method, for example. The surface irregularity of a wafer 
should inherently be less than the tolerance depth of a 
projection lens. However, at a portion of a scribe line or 
a peripheral circuit portion, there may be inclination of 
a resist surface such as shown in Figure 6. In such por- 

10 tion, reflection light can not be collected accurately, and 
a detection waveform may be such as shown in Figure 
7B, having a peak P2 (asymmetric) or a peak P3 (weak 
peak). In such occasion, the result of processing will not 
reflect the actual value. If, as described, an approxima- 
te tion curve is determined by calculation from measured 
values, obtained through scan measurement, while 
holding the stage fixed, and deviation between an actu- 
ally measured value and the approximation curve is de- 
tected at each measurement position, and if the amount 

20 of deviation exceeds a predetermined value, correct fo- 
cus detection can be attained by excluding such meas- 
urement point out of the measurement points during ac- 
tual scan exposure. Also, if in all the measured values 
the amount of deviation is large, such as in the case of 

25 the measured values of the sensor c in Figure 5B, all 
the measurements at that position may be disregarded 
as null, and correction amount of focus or tilt may be 
calculated on the basis of the remaining sensors. By se- 
lecting those positions where measurement results are 

30 stable, as described above, it is possible to obtain stable 
measured values over the whole wafer surface and, 
thus, to perform correct focus detection to the whole wa- 
fer surface. . 

Referring to Figure 8, correction sequence will be 

35 explained. At step 1 , a wafer is loaded and it is attracted 
and held by a chuck. At step 2, measurement points for 
first prescan, that is, optional measurement points in 
shot for second prescan or those for exposure process, 
are calculated. More specifically, from the standpoint of 

40 response time of a correction system or the sampling 
theorem as described hereinbefore, a necessary and 
sufficient number of measurement points is calculated. 
In this case, taking a number larger than the number of 
measurement points in the exposure process may be 

45 advantageous in respect to determination of measure- 
ment points at step 7 below. Except a case where the 
subject to be examined is a first print, at this stage of 
procedure the alignment measurement to the whole wa- 
fer is effected and the positioning is completed. Then, 

50 at step 3, a shot about the center of the wafer, which is 
less affected by the chuck, is selected as the subject 
shot to measurement in the first prescan, and focus po- 
sition correction is performed with respect to the shot 
center. After this, the stage will be moved only in the 

55 scan direction, and Z-direction correction will not be 
made. 

At step 4, the stage is moved to the first measure- 
ment point as calculated at step 2. At step 5, a focus 
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measured value Zij (j =1 to 5) at that position is meas- 
ured, and it is memorized. Then, with loop checking at 
step 6, the procedure is looped until measurements at 
all the measurement points n are completed. At step 7, 
approximation curves such as shown in Figure 5B are 
determined by calculation, from all the measured values 
of Zij having been stored in a memory. Deviation be- 
tween the actually measured value and the approxima- 
tion curve is detected, with respect to each of the meas- 
ured positions. If the deviation is larger than a predeter- 
mined value, corresponding measurement point may be 
excluded from the measurement points in actual scan 
exposure. Those measurement points Pij, for which de- 
viation has been determined as large, may be excluded 
from the measurement points in later measurement op- 
erations. Also, in consideration of response speed for 
correction, measurement points in exposure process 
are determined so that a necessary least number is se- 
lected and there does not occur eccentricity of meas- 
urement points. More specifically, those portions may 
be selected so that a scribe line is excluded, that the 
correction cycle is approximately periodic and that 
change in measurement value is slow. Although there 
may be a case where the surface has extraordinarily 
large surface irregularity or a case where measurement 
points can not be selected, in such occasion it is not 
always necessary that the measured values at the 
measurement points are effective for all the five points. 
If there is a sufficient span, at least two points may be 
enough to calculate the tilt amount. For those final 
measurement points thus determined, at step 8 the sec- 
ond prescan is performed to measure offset of the 
measurement system which may be attributable to re- 
sist surface irregularity, for example. With the procedure 
described above, selection of optimum measurement 
points and measurement offset at those positions, for 
correctly bringing each exposure region into registration 
with the focal plane of the projection system, are deter- 
mined. On the basis of the data thus obtained, the wafer 
exposure procedure at steps 9 to 16 is performed. After 
completion of exposures of all the exposure shots of the 
wafer, checked at step S16, the wafer is unloaded at 
step 17. 

[Example 2] 

In this example, like Example 1 described above, 
scan measurement of focus value is performed to the 
exposure region of a wafer, while holding the state 
height correction system fixed. Simultaneously with cal- 
culation of measured values, a characteristic parameter 
of a detected waveform is calculated. As has been de- 
scribed hereinbefore, in a height detection system of ob- 
lique light projection type, the detection light path is lim- 
ited so as to detect only the reflection light having sub- 
stantially the same angle as the incidence angle, in or- 
der to avoid noise light. For this reason, there is a pos- 
sibility that, if a surface having a small inclination is to 



be detected, the intensity of detected light become ex- 
traordinarily low. For example, a focus detection wave- 
form in a case of first print may have good balance and 
good symmetry such as shown in Figure 7A, because 

5 there is no pattern formed on the wafer. If the process 
goes on, however, there may be produced an asymme- 
try (P2) or degraded S/N (P3) where the intensity of de- 
tected light is extraordinarily low. This may cause a 
measurement error or distributed results. In such occa- 

10 sion, however, by calculating the characteristic amount 
of the waveform itself, that is, the quantity of reflected 
light or symmetry of the waveform, for example, it is pos- 
sible to discriminate whether the point is appropriate for 
obtaining a stable measured value or not, without relying 

15 on statistically processing the measurement results. At 
step 5 of Figure 8, in the focus measurement, calculation 
of characteristic amount such as described above is ex- 
ecuted additionally, and the result is memorized. At step 
8 later, discrimination is made to it. By these processes, 

20 it is possible to enhance the reliability of measurement 
point selection. 

[Example 3] 

25 For measurement through the first prescan, from 
the relation described hereinbefore, a larger measure- 
ment points may be attainable with shorter measure- 
ment time and, as a consequence of it, more accurate 
characteristic of surface irregularity in the exposure re- 

30 gjon can be detected. However, this applies a larger load 
to the measurement system. While the scan speed dur- 
ing the exposure process may be changed in accord- 
ance with the resist sensitivity or the required through- 
put, it is not necessary that the measurement by the first 

35 prescan is effected at the same speed as the scan 
speed in the exposure process, since the measurement 
by first prescan is to be done only to a single shot of a 
first wafer of one lot. Rather, executing measurements 
to many points at a slow speed will be convenient for 

40 selection of positions for focus measurement in the ex- 
posure process. More particularly, in determination of 
optional measurement points at step 2 of Figure 8, a par- 
ticular note is paid to assure that extraordinary point cal- 
culation at step 7 can be performed without difficulty 

45 and, as an example, measurement points are deter- 
mined so that detection marks are superposed one upon 
another sufficiently. Also, the scan speed during the first 
prescan measurement is determined while giving the 
priority to the response speed of the measurement sys- 

50 tern. When discrimination of extraordinary value is to be 
made on the basis of the measured values thus ob- 
tained, an extraordinary point can be easily selected and 
excluded by, for example, passing a measured value of 
a certain sensor through a high-frequency passing filter. 

55 Also, for enhanced precision of measured value in de- 
termination of measurement points, waveform data may 
be taken N times per one-point measurement and, after 
datatakingat all the measurement points, the measured 
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values of respective points may be calculated. An aver- 
age of measured values of every N-time measurements 
at one point may be used as a measured value at that 
point. Alternatively, measurement data may be taken at 
points of a number, lager than the'number of measure- 
ment points during the actual exposure process, and 
through a slow-speed scan, and average calculation 
may be made with respect to a few points (this can be 
called "movement average") to thereby prepare the data 
for calculation of optional measurement points. 

[Example 4] 

In the point of matching between plural apparatus- 
es, the relation between the focus beam position and 
the exposure position has to be controlled precisely. For 
example, in an occasion where, with respect to the scan 
direction, the above-described relation varies between 
separate apparatuses, even if calibration is made to the 
image plane position and the focus measurement origin 
by executing an actual exposure process, the result de- 
pends on the measurement position in the scan direc- 
tion and, therefore, it is not possible to accomplish cor- 
rect focus offset correction without determining it in eve- 
ry apparatus. Further, if an adjusting mechanism is add- 
ed to assure matching between separate apparatuses 
in respect to the above-described relation, it causes an 
increase in size and cost. 

In consideration of this, the above-described rela- 
tion may be detected beforehand, and the relative dif- 
ference of them may be controlled as an offset. In that 
occasion, it is possible, in the selection of measurement 
points, to assure matching between the apparatuses as 
corrected. Also, once the exposure condition is deter- 
mined with respect to one apparatus, the values of that 
condition may be applied to the other apparatuses. This 
will be explained in greater detail, in conjunction with 
Figure 9, portions (a) - (b'). It is now assumed that the 
calibration between the focus original and the projection 
lens image plane is made in a first apparatus A, under 
the condition shown in Figure 9, portion (a), that is, un- 
der the relation Da between the exposure slit position 
and the exposure position as illustrated. If a correction 
value obtained thereby is to be applied to a second ap- 
paratus B which is under the condition shown in Figure 
9, portion (b), the result is that the position to be ob- 
served with a focus detection beam in the state in which 
the lens vs. stage positioning has been in the relation 
Da above, differs from that in the first apparatus A. Con- 
sequently, what is detected in this case is the position 
which is deviated by the difference in distance between 
the exposure slit position and the focus detection beam 
position, namely, by the difference between the appara- 
tuses in the mount position of the focus detection sys- 
tem. Due to such difference in mounting position be- 
tween separate apparatuses, calibration has to be done 
with respect to each of the apparatuses. However, by 
executing the procedure at step 2 and step 7 of Figure 



7 while taking into account the difference in mount po- 
sition of focus detection system, between separate ap- 
paratuses, as shown in Figure 9, portion (b'), the neces- 
sity of calibration for every apparatus can be avoided, 

5 and simple operation and control is assured. 

The prescan measurement for selection of meas- 
urement positions as described hereinbefore may be 
performed at respective processes where patterns to be 
formed are different. However, it is sufficient to execute 

10 the measurement only to one wafer of one lot. For the 
same process to be performed later, the measurement 
positions as determined with respect to the first wafer in 
the lot and stored in a memory may be used in the focus 
measurement and correction, with good results. High 

15 precision leveling correction and exposure can be at- 
tained without decreasing the throughput. If it is expect- 
ed that the wafers in one lot have large differences, pres- 
can measurement for measurement position selection 
may be performed with respect to a few wafers, and 

20 common measurement positions to those wafers may 
be used with respect to the remaining wafers. This may 
assure further enhancement of precision. 

[Second Embodiment] 

25 

A second embodiment of the present invention will 
now be described. Since a slit-scan type exposure sys- 
tem to be used in this embodiment has an essentially 
the same structure as of the first embodiment described 
30 above, explanation of it will be omitted here. In the fol- 
lowing, a method of detecting the height position (level) 
of an exposure region of a wafer 4 in accordance with 
a surface position detection of the present invention will 
be described. 

35 Figure 10(a), shows the relation between a wafer 
height measurement position and the position of expo- 
sure region during the wafer exposure process. It is as- 
sumed here that a pattern of a reticle is going to be print- 
ed on an exposure region C on the surface of a wafer 
40 41 which is being moved in a direction of an arrow X. In 
Figure 10(a), height measuring means 40B is provided 
at a position before the center A of the exposure region 
C with respect to the wafer movement direction, which 
position is spaced by a distance d from the center A. At 
45 the moment as the point A comes to a position just below 
the height measuring means 40B, the height of the wafer 
surface at the point A is measured. Then, at the moment 
as the point A comes to the center of the exposure re- 
gion C, the wafer height is adjusted into registration with 
so the exposure plane. The wafer height measurement 
sampling interval in this case corresponds to the time 
period by which the wafer moves through the distance d. 

When the height of the wafer surface should be 
changed during the exposure process, there may be 
55 three cases. First is for variation with a change in height 
within a chip. Second is for variation at the junction 
(scribe line) of chips. Third is for variation as an expo- 
sure region comes from the outside into the inside of the 
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wafer. As regards the variation within a chip, since the 
cell portion and the peripheral circuit portion may be 
generally flattened through a CMP process, for exam- 
ple, the surface level difference may be about 1 - 2 mi- 
crons. As regards the surface level difference between 
the chip and the scribe line, while it may be larger than 
that within the chip, any way it may be within a range of 
a few microns. To these variations, for exposure of an 
outer peripheral portion of a wafer, the wafer surface is 
first held at an appropriate level. Then, after the height 
measuring means comes to a position on the wafer 
where the height measurement is attainable, the height 
measurement is performed. Then, until the exposure re- 
gion moves on to the wafer, the height drive is per- 
formed. As a consequence, there are cases in which the 
wafer height should be changed by about ten microns 
within a time period in which the wafer moves through 
the distance from the center of the exposure region to 
the wafer height measuring sensor. 

Thus, the response speed of the wafer height con- 
trol system should not be determined in consideration 
of the surface level difference within the wafer only. 
Rather, the response speed of the wafer height control 
system should be determined in the case as the meas- 
uring system comes from the outside into the inside of 
the wafer during the exposure process. For this reason, 
the response speed of the wafer height control system 
has a sufficient speed, enough for drive through a dis- 
tance corresponding to the variation in height within the 
ch ip, in the time period in which the wafer moves through 
a distance from the center of the exposure region to the 
wafer height measuring sensor. 

Figure 10(c) shows the relation among a wafer sur- 
face 41 , a wafer height 44 as moved, and a focus error 
45 in a case where, in the example of Figure 10(a), the 
response speeds of the detection system and the driving 
system are higher as compared with the wafer scan 
speed. Since the response speed is higher than the 
measurement interval, there is a larger focus error be- 
tween measurement points. 

Figure 1 0(d) shows an example where the sampling 
interval is 1/5 of that of the Figure 10(c) example. Also, 
there is shown the relation among a wafer surface 41 , 
a wafer height 46 as moved, and a focus error. It is seen 
that, as compared with Figure 10(c); the focus error is 
smaller. However, since one-dimensional CCD line sen- 
sors are used in the photoelectric converting means 
group 19, and from the relation between the light quan- 
tity of the light source 10 and the accumulation time of 
CCD, it is not possible to reduce the sampling time im- 
moderately. Further, even if the light quantity of the light 
source 10 is enlarged and the sampling interval is made 
shorter, the quantity of traffic flowing through the data 
bus of the measurement system may also increase, 
such that the control system may become complicated 
and expensive. Any way, since the exposure region has 
a fixed width in the wafer scan direction, it is substan- 
tially impossible to follow the surface irregularity of a pe- 



riod shorter than that width. Thus, performing the meas- 
urement with an excessively short interval is not mean- 
ingful. 

In the present embodiment, in consideration of the 
s above, the sampling interval d is unchanged and, in 
place, the interval of drive signal application is made 
shorter than the sampling interval. Also, this interval of 
drive signal application is made shorter than the re- 
sponse time of the control system. As regards the data 
io between sampling points, those which are obtainable 
through interpolation, such as linear interpolation or 
multiple approximation interpolation, of values based on 
measured data obtained at plural sampling points, in- 
cluding the preceding sampling point and the subse- 
ts quent sampling point, are used. 

Figure 11 illustrates an example of drive during wa- 
fer exposure process, according to the present inven- 
tion. For simplicity of illustration, it is assumed that there 
is only one wafer height measuring means, the move- 
so ment and measurement direction is in the same direc- 
tion (Z direction) as the direction of the lens optical axis, 
and there is no drive in the wafer tilt direction (a or P). 
The wafer height measurement sampling interval is still 
d, and Z-position drive signals are applied with an inter- 
ns val d/5. The response time of the Z stage control system 
is longer than the time period in which the wafer moves 
through a distance d/5. At the measurement step N-1, 
the wafer height measuring means measures the posi- 
tion of the point N on the wafer. The center of the expo- 
se sure region is at the position of point N-1, wherein the 
position N-1 is outside the wafer. Further, designated 
drive amount between these steps is the one as ob- 
tained through interpolation of height measured values 
obtained by the preceding and succeeding measure- 
rs ments. 

Under these conditions, at step N-1 , the wafer sur- 
face is not at the exposure position, and an appropriate 
drive designation signal is applied to move the Z stage 
at an appropriate position. This position may be at a pre- 

40 determined height from the wafer chuck, or it may be 
the height of the wafer position closest to the wafer po- 
sition having been measured earlier. Alternatively, a val- 
ue at an outside peripheral portion of the wafer may be 
measured beforehand, and the measured value may be 

*s used. The designated drive amount between step N-1 
and step N may be obtained through interpolation, on 
the basis of the wafer surface height as detected at step 
N-1 and of the drive designated value at the step N-1 . 
At step N, the center of exposure position comes on 

so to the wafer, and the wafer exposure process is initiated. 
The height drive correction value at step N is the value 
which is based on the wafer height measured value at 
step N-1 and, at this moment, the wafer surface height 
at step N+1 is performed. The drive designated value 

55 from step N to step N+1 may be determined through in- 
terpolation, on the basis of the wafer surface height at 
the center of exposure position in step N+1 , as meas- 
ured at step N (i.e., measurement position of the wafer 
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height measuring means at step N) as well as the wafer 
height drive designated value tor step N. Similar opera- 
tions as described above are repeated with respect to 
step N+2 and steps following it, and wafer height driv 
is performed during the exposure process. 

With the procedure of this embodiment described 
above, the focus error is reduced. Also, since the target 
value is changed with intervals shorter than the re- 
sponse speed of the Z stage control system, there does 
not occur vibration which otherwise may be produced in 
the drive during convergence to a target value. Further, 
the measurement time is longer as compared with a 
case where the sampling interval is made equal to d/5, 
the system can be structured by use of a simple control 
system. 

As regards the target value to be applied, the re- 
sponse of the control system may be taken in to account 
such that a value corresponding to response delay may 
be added to the value obtained through interpolation. 

While in Figure 11 the wafer height measurement 
and the Z-position drive signal application in each step 
are performed at the same timing, the timing of Z-posi- 
tion drive signal application may be changed while tak- 
ing the delay of driving system into account. Further, 
while in the illustrated example there is no drive in the 
wafer tilt direction (a or P), as a matter of course, the 
present invention is applicable also to measurement 
and drive with respect to such tilt direction. 

On the other hand, application of the present inven- 
tion is effective to solve a problem of degradation of line 
width precision due to abbe correction. Figure 12A 
shows motion of an X-stage in relation to abbe correc- 
tion, wherein the axis of abscissa denotes time. The 
spacing between points a and k corresponds to the time 
required for a wafer to scan through the distance d be- 
tween the center of exposure region and the wafer 
height detection system. The response speed of the 
stage is the time required for the wafer to move through 
a distance d/2. Points a, b, and k represent the timing 
of sampling and rewriting of target value, for wafer and 
reticle stage interferometers. Z sampling and driving is 
performed only once during the period from a to k. 

In Figure 1 2A, denoted at 50 is a read-out value of 
the interferometer in a case where there is no Z-axis 
drive. Inherently, it should be illustrated by a curve since 
the target value varies between points a and k. For con- 
venience in explanation, however, it is illustrated with a 
constant target value between points a and k. If Z-axis 
drive is effected at timing of point f, the read-out value 
of the interferometer may shift as depicted at 51 , by an 
amount corresponding to an abbe error. In order to cor- 
rect this, the target value is corrected at timing of point 
h by an amount corresponding to the abbe error. Since 
however the amount of correction at 52 is large, devia- 
tion of the X stage from its target value becomes large, 
after point g, as depicted at 53. 

Figure 12B shows motion of the X-stage in relation 
to the abbe correction, in a case where the present in- 



vention is applied. Z-axis drive is effected at timings of 
points a, c, e. g, i, and k. The target value for the inter- 
ferometer is changed at points c, d, f , h, and j, in accord- 
ance with the drive amounts of a, c, e, g, i, and k, re- 

5 spectively. Final correction values for the interferometer, 
namely, those at 52 and 55, are of the same amount. 
However, since the target value for the stage (i.e., the 
correction value for the interferometer) is changed with 
intervals faster than the response speed of the X-stage 

10 and the correction is done frequently, stage vibration is 
not created and the deviation 56 from the target value 
is smaller than that at 53. 

As described, when the present invention is applied 
to a case where an abbe error produced by Z-position 

is drive is to be corrected, it is possible to reduce the po- 
sitional error in X direction, such that an exposure proc- 
ess of free from or with reduced variation in printed line 
width is enabled. Although the foregoing description has 
been made with respect to the X-stage which moves in 

20 the scan direction, the same applies to a Y stage. The 
abbe correction may be made with respect to the reticle 
stage side, not on the wafer stage side. However, in 
such occasion, the correction amount may increase in 
accordance with the magnification of the reduction pro- 

25 jection lens. 

(Third Embodiment) 

An explanation will be given below about the third 

30 embodiment of a method for manufacturing semicon- 
ductor devices by using the SOR exposure system de- 
scribed above. 

Fig. 1 3 is a flowchart showing the sequence of the 
operation of manufacturing semiconductor devices 

35 (semiconductor chips, such as ICs or LSIs, liquid -crystal 
panels, or CCDs) . 

Referring to the flowchart shown in Fig. 13 in step 
1 (circuit design), circuits of semiconductor devices are 
designed. In step 2 (manufacture of masks), masks hav- 

40 ing designed circuit patterns formed thereon are manu- 
factured. In step 3 (manufacture of wafers), wafers are 
manufactured by using materials, such as silicon. Step 
4 (wafer process) is called a pre-step, whereby actual 
circuits are formed on wafers by lithography technology 

45 by using the masks and wafers produced as described 
above. The subsequent step 5 (fabrication) is called a 
post step, whereby semiconductors are formed into 
chips by using the wafers manufactured in step 4. This 
step includes an assembly step (dicing, bonding), a 

so packaging step (enclosing chips), and the like. In step 
6 (inspection), inspection, for example, a test for con- 
firming the operations of semiconductor devices manu- 
factured in step 5, or a durability test, is performed. Sem- 
iconductor devices are completed through the process- 

55 es described above and shipped (step 7). 

Fig. 14 shows a detailed flowchart for the wafer 
process. In step 11 (oxidation), the surface of the wafer 
is oxidized. In step 12 (CVD), an insulating film is formed 
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on the surface of the wafer. In step 13 (electrode - for- 
mation), electrodes are formed on the wafer by deposi- 
tion. In step 14 (ion implantation), ions are implanted 
into the wafer. In step 15 (resist process), a photosen- 
sitizing agent is applied to the wafer. In step 16 (expo- 
sure), a circuit pattern of the mask is printed and ex- 
posed to the wafer by means of ihe SOR exposure sys- 
tem of the above-described embodiment. In step 17 (de- 
velopment), the exposed wafer is developed. In step 18 
(etching), portions other than the developed resist im- 
age are etched. In step 1 9 (resist peel-off), resists which 
become unnecessary after etching is performed are re- 
moved. Circuit patterns are formed on the wafer in a 
multi-form by performing these steps repeatedly. 

While the invention has been described with refer- 
ence to the structures disclosed herein, it is not confined 
to the details set forth and this application is intended to 
cover such modifications or changes as may come with- 
in the purposes of the improvements or the scope of the 
following claims. 



Claims 



exposure process. 

4. A method according to Claim 3, wherein, in said 
characteristic data detection, surface position data 

5 and a characteristic amount which represents a 
shape of a detection signal are detected. 

5. A method according to Claim 3, wherein said char- 
acteristic data detection includes detecting the 

10 characteristic data while performing the relative 
scan at a scan speed lower than the scan speed 
during the scan exposure process. 



6. A method according to Claim 3, wherein said deter- 
15 mination of measurement position includes deter- 
mination of a measurement position for measure- 
ment of the surface position of the substrate surface 
in accordance with a scan speed during the scan 
exposure process. 

20 

7. A method according to Claim 3, wherein the sub- 
strate comprises a wafer on which a pattern is 
formed. 



25 8. A method according to Claim 7, further comprising 
detecting characteristic data related to plural wafers 
each having the same pattern as of said wafer, 
memorizing measurement position information de- 
termined on the basis of the characteristic data, and 

30 performing surface position measurement to each 
of said plural wafers on the basis of at least one of 
the memorized measurement positions. 



1 . A surface position detecting method for detecting a 
surface position of a surface to be examined, having 
surface height irregularity, while relatively scanning 
the surface, said method comprising the steps of: 

detecting characteristic data related to a sur- 
face state at plural measurement positions on 
the surface, while relatively scanning the sur- 
face; and 

processing the detected characteristic data re- 
lated to the measurement positions to deter- 
mine a measurement position for measu rement 
of the surface position in a subsequent surface 
position detecting process. 

2. A method according to Claim 1, wherein, in said 
characteristic data detection, surface position data 
and a characteristic amount which represents a 
shape of a detection signal are detected. 

3. A scanning exposure method for printing a pattern 
of an original on to a substrate wh ile relatively scan- 
ning the original and the substrate, said method 
comprising the steps of: 

detecting characteristic data related to a sur- 
face state at plural measurement positions on 
the surface of the substrate, while relatively 
scanning the substrate surface; and 
processing the detected characteristic data re- 
lated to the measurement positions to deter- 
mine a measurement position for measurement 
of the surface position to the substrate surface 
in surface position detection during a scanning 



9. A surface position setting method for setting a sur- 
as face position of a substrate, said method compris- 
ing: 

a measuring step for measuring a surface po- 
sition of the substrate surface at a measu re- 
40 ment position, while relatively scanning the 

substrate surface relative to the measurement 
position; 

a driving step for setting a target value, when a 
predetermined location on the substrate having 
45 passed the measurement position is placed at 

a predetermined position in a scan direction, on 
the basis of a measured value obtained in said 
measuring step, and for moving the substrate 
so that the surface position of the substrate is 
so registered with the target value; 

a setting step for setting a time interval for 
changing the target value in said driving step, 
to be shorter than a time interval of measure- 
ment in said measuring step; and 
55 a determining step for determining a target val- 

ue in relation to a particular location between 
different measurement positions on the sub- 
strate, on the basis of measured values related 
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to those measurement positions before and af- 
ter the particular location. 

10. A method according to Claim 9, wherein, in said de- 
termining step, the target value in relation to the par- 
ticular location is determined on the basis of inter- 
polation of the measured values related to those 
measurement positions before and after the partic- 
ular location. 

11. A method according to Claim 10, wherein the inter- 
polation comprises one of linear interpolation and 
multiple approximation interpolation. 

12. A method according to Claim 9, further comprising 
measuring a position of the substrate with respect 
to one of the scan direction and a direction perpen- 
dicular to the scan direction, performing a correction 
drive to move the substrate to a predetermined po- 
sition, and setting a time interval for the correction 
drive to be shorter than the time interval for the sur- 
face position measurement. 



1 5. A method according to Claim 1 4, wherein the inter- 
polation comprises one of linear interpolation and 
multiple approximation interpolation. 

s 16. A method according to Claim 1 3, further comprising 
measuring a position of the substrate with respect 
to one of the scan direction and a direction perpen- 
dicular to the scan direction, performing a correction 
drive to move the substrate to a predetermined po- 

10 sition, and setting a time interval for the correction 
drive to be shorter than the time interval for the sur- 
face position measurement. 

17. A device manufacturing method comprising the 
is scanning exposure method according to any one of 
claims 3 to 8 or 1 3 to 1 6, and the step of fabricating 
a device using the exposed substrate. 



20 



13. A scanning exposure method for printing a pattern 
of an original on to a substrate while relatively scan- 25 
ning the original and the substrate, said method 
comprising: 



a measuring step for measuring a surface po- 
sition of the surface of the substrate at a meas- 30 
urement position, while relatively scanning the 
substrate surface relative to the measurement 
position; 

a driving step for setting a target value, when a 
predetermined location on the substrate having 35 
passed the measurement position is placed at 
an exposure position, on the basis of a meas- 
ured value obtained in said measuring step, 
and for moving the substrate so that the surface 
position of the substrate is registered with the 40 
target value; 

a setting step for setting a time interval for 
changing the target value in said driving step, 
to be shorter than a time interval of measure- 
ment in said measuring step; and 45 
a determining step for determining a target val- 
ue in relation to a particular location between 
different measurement positions on the sub- 
strate, on the basis of measured values related 
to those measurement positions before and af- so 
ter the particular location. 

14. A method according to Claim 13, wherein, in said 
determining step, the target value in relation to the 
particular location is determined on the basis of in- 55 
terpolation of the measured values related to those 
measurement positions before and after the partic- 
ular location. 
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STEP 102 



1ST PRESCAN: 

SCANNING MEASUREMENT OF FOCUS 
MEASUREMENT DATA IN EXPOSURE 
REGION, AT PLURAL POINTS IN SHOT 



STEPI03 



MEASUREMENT POINT SELECTION 
FOR 2ND PRESCAN: 

SELECT OPTIMUM MEASUREMENT POINTS, 
FROM SCANNING MEASUREMENT DATA 



STEP 104 



2ND PRESCAN*- 

SCANNING MEASUREMENT OF FOCUS 
MEASUREMENT DATA OF SURFACE STATES 
AT PLURAL POINTS IN EXPOSURE REGION, 
FOR PLURAL SHOTS ON WAFER 



STEP 105 



SURFACE DETECTION FOCUS DATA 
CORRECTION VALUE CALCULATION: 
FROM SCANNING MEASUREMENT DATA, 
CALCULATE MEASUREMENT ERROR, 
STEP HEIGHT AND CORRECTION VALUE 
IN TERMS OF DIFFERENCE WITH BEST 
FOCUS POSITION 



SCANNING EXPOSURE: 
CORRECT FOCUS MEASUREMENT DATA 
BY USING CORRECTION VALUE, AND 
CALCULATE CORRECTION VALUE TO 
IMAGE PLANE POSITION, AND CORRECT 
EXPOSURE REGION TO IMAGE PLANE 
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RELEASE CHUCK ATTRACTION 
AND UNLOAD WAFER 
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STEP 2. 



DETERMINE OPTIONAL MEASUREMENT POINTS 
FOR DETERMINATION OF FOCUS MEASUREMENT 
POSITION IN EXPOSURE PROCESS, FROM CHIP 
SIZE, EXPOSURE CONDITION, MOUNTING 
CONDITION, ETC. 



STEP 3. 
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MOVE TO SAMPLE SHOT S, AND PERFORM FOCUS 
CALCULATION AT SHOT CENTER AND CORRECTION 
DRIVE OF DETECTION SURFACE TO EXPOSURE 
IMAGE PLANE 



STEP4_ 



MOVE TO l-TH MEASUREMENT POSITION IN 
SAMPLE SHOT S 
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MEASURE SURFACE POSITION MEASUREMENT 
STEP 5 -J DATA Zij(j«1-5> AT l-TH MEASUREMENT POINT 
U»1-n> IN SAMPLE SHOT S, AND STORE IT INTO 
MEMORY 
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MEASURE POSITION OF LEVELING STAGE AT 
MEASUREMENT OF Zi] 



CALCULATE ZiJ 8 CiJ. OTHER THAN PiJ, AND 
CALCULATE LEAST SQUARE PLANE FROM 
THE RESULTS 
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MOVE 1-TH MEASUREMENT POINT OF N-TH SHOT 
TO EXPOSURE SLIT POSITION, AND PERFORM 
CORRECTIVE DRIVE OF STAGE IN OPTICAL AXIS 
DIRECTION AND TILT DIRECTION WHILE CORRECTING 
DEVIATION BETWEEN LEAST SQUARE PLANE AND 
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POSITION OF LEVELING STAGE AT ZiJ MEASUREMENT 
AND CURRENT EXPOSURE POSITION 
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Descripti n 

[0001 ] This invention relates to a surface position set- 
ting method for setting a position of a substrate such as 
a wafer, for example. More particularly, the invention is 
concerned with a surface position setting method usable 
in a slit-scan type exposure apparatus. In a second as- 
pect, the invention is concerned with a scanning expo- 
sure method for printing a pattern of an original onto a 
substrate using such surface position setting method. 
[0002] The size of memory chips is recently increas- 
ing due to the difference between the tendency of cell 
size or resolvable line width of an exposure apparatus 
and the tendency of enlargement of memory capacity. 
As an example, for the first generation of 256M memo- 
ries, the chip size is about 14 x 25 (mm). 
[0003] For such chip size, with an exposure region of 
31 mm diameter of a reduction projection exposure ap- 
paratus (stepper) currently used as an exposure appa- 
ratus for a critical layer, only one chip can be exposed 
with one exposure operation. Thus, the throughput is 
very low. An exposure apparatus capable of exposure 
with a larger area is therefore desirable. 
[0004] As for large field size exposure apparatus, 
there are reflection projection exposure apparatuses 
which are widely used as a semiconductor device expo- 
sure apparatus for use for rough layer with which a high 
throughput is required, or as an exposure apparatus for 
manufacture of large-field liquid crystal display devices 
such as monitors. Exposure apparatuses of this catego- 
ry, like the one disclosed in US 5 477 304, comprise a 
slit scan type exposure apparatus which is based on 
mask-to-wafer relative scan wherein a mask is linearly 
scanned with illumination light of arcuate slit-like shape, 
and wherein a pattern of the mask is printed in a single 
exposure on to a wafer by means of a concentric reflec- 
tion mirror optical system. 

[0005] As regards the focusing of a mask image in 
these exposure apparatuses, in order to continuously 
keep the exposure surface of a photosensitive substrate 
(such as a wafer or a glass plate which is coated with a 
photoresist, for example) in registration with a best im- 
aging plane of a projection optical system, height (level) 
measurement and autofocusing or auto-leveling correc- 
tion drive are successively performed during the scan 
exposure process. 

[0006] As for surface position detecting mechanism 
in such apparatuses, there is a method in which an ob- 
lique light projection optical system is used to project a 
light beam on to a wafer surface obliquely from the 
above and in which reflection light from the photosensi- 
tive substrate is detected as a positional deviation upon 
a sensor, and a method in which a gap sensor such as 
an air microsensor or an elesctrostatic capacity sensor 
is used. In these methods, from plural values of meas- 
ured heights obtained during the scan, correction drive 
amount for height and tilt as a measurement position 
passes an exposure slit region is calculated and, based 



on this, correction is made. 

[0007] On the other hand, in the autofocusing or auto- 
leveling in a slit scan typ exposure apparatus, a wafer 
moves during the exposure process and, for this reason, 
5 there is a possibility that, in accordance with the rate 
determination by the response speed of a focus plane 
detection system and of a wafer stage height (wafer 
height) driving system, a following-up error (i.e., focus 
error) is created. 
w [0008] This will be explained in detail, in conjunction 
with Figure 2. In Figure 2(a), it is assumed that a pattern 
of a reticle is going to be printed on an exposure region 
C on the surface of a wafer 41 which is being moved in 
a direction of an arrow X. If height measuring means 
is 40A is provided at a position of the center A of the ex- 
posure region C and the wafer stage drive is made on 
the basis of a measured value therefrom, because of 
the response delay described above, the wafer surface 
can not follow the focus plane. In consideration of this, 
20 usually in scan type exposure apparatuses the height 
measuring means is provided at a position different from 
the point A on the exposure region C and the height of 
the wafer surface is measured beforehand. As that po- 
sition comes to the exposure position, the wafer height 
25 is adjusted into the exposure plane. In Figure 2(a), 
height measuring means 40B is provided at a position 
before the exposure region center A with respect to the 
wafer movement direction, which position is spaced by 
a distance d from the center A. At the moment as the 
30 point A comes to the position just below the height 
measuring means 40B, the height of the wafer surface 
at the point A is measured. Then, at the moment as the 
point A comes to the position below the exposure region 
C, the wafer height is adjusted to the exposure plane. 
35 The sampling interval in this case corresponds to the 
time period (t s = d/s where s is the wafer scan speed) 
by which the wafer moves through the distance d. 
[0009] Figure 2(b) shows the relation among a wafer 
surface 41 , a wafer height 42 as moved, and a difference 
40 between the wafer surface 41 and the wafer height 42 
as moved, that is, the focus error 43, in a case where 
the response speeds of the detection system and the 
driving system are slow as compared with the wafer 
scan speed (sampling interval y. Due to such response 
45 delay, there is a large focus error. 

[0010] Figure 2(c) shows the relation among a wafer 
surface 41 , a wafer height 44 as moved, and a focus 
error 45 in a case where the response speeds of the 
detection system and the driving system are higher as 
so compared with the wafer scan speed. Since the re- 
sponse speed is higher than the measurement interval, 
there is a larger focus error between measurement 
points. 

[001 1 ] Figure 2(d) shows an example where the sam- 
55 pling interval is shortened so as to avoid this. The sam- 
pling interval is made to be equal to the time in which 
the wafer moves through a distance d/5. Also, there is 
shown the relation among a wafer surface 41 , a wafer 
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height 46 as moved, and a focus error 47. The focus 
error is small, and good following-up is assured. 
[001 2] However, shortening the sampling interval will 
cause the following problems. As a result of flattening 
through a CMP method, for example, to the cell portion 
and the peripheral circuit portion, within the wafer sur- 
face there may be a surface level difference of only 
about 1 micron. However, when a wafer outer peripheral 
portion is to be exposed and the drive is to be made from 
the outside to the inside of the wafer, the wafer height 
has to be changed by a few tens microns within a time 
period in which the wafer moves through a distance d 
of the spacing of sensors. Thus, it is not possible to de- 
termine the sensor spacing d on the basis of only the 
surface level difference within the wafer. Further, when 
the sampling interval is to be reduced and if an accumu- 
lation type detecting means such as CCD, for example, 
is used, a finite accumulation time is necessary and it 
defines the rate determination. Also, the quantity of traf- 
fic flowing through the data bus of the measurement sys- 
tem increases. As a result, the control system becomes 
complicated and expensive. 

[0013] The above-described points are problems of 
the wafer height measuring system. In addition to them, 
there is a problem of abbe error which may be created 
by inclination of the surface of a bar mirror of a laser 
interferometer when the wafer height is changed. In con- 
ventional apparatuses in which a wafer is exposed while 
it is held stationary, such abbe error is corrected by mov- 
ing the stage in X and Y directions by an amount effec- 
tive to correct other components (X and Y components) 
created by the wafer height driving. Moving the X-Y 
stage takes a longer time until the target position is 
reached as compared with a case where drive is made 
in the wafer height direction, since the mass of the com- 
ponents to be driven is larger. However, in this type of 
apparatuses, the exposure process starts after the X-Y 
stage reaches the target position. Thus, there is no pos- 
sibility that the abbe correction has an influence upon 
the printing linewidth precision or exposure position pre- 
cision, for example. 

[0014] In scan type exposure apparatuses, however, 
since the abbe correction has to be done during scan of 
the stage, the following problem will arise. When a reti- 
cle and a wafer are scanned for exposure by use of a 
scan type exposure apparatus, the wafer stage and the 
reticle stage have a large mass as described and, there- 
fore, fine control of them is not easy to achieve. Usually, 
drive pattern for them is based on a trapezoidal profile 
drive in which a constant-speed portion of the drive pro- 
file is used for the printing process. If abbe correction 
drive is added to this, the target value for the constant- 
speed profile portion during the printing process has to 
be rewritten. If the amount of changing the target value 
is large, vibration may be created in relation to the stage 
drive which vibration in turn may result in degradation 
of linewidth precision of the printing process. Such prob- 
lem will be more notable with enlargement of the wafer 



size to 25.4 cm (10 inch) or 30.48 cm (12 inch) wafer 
and with corresponding increases in mass of the stage. 
[001 5] In accordance with a first aspect of the present 
invention, there is provided a surface position setting 

5 method for setting a surface position of a substrate, said 
method comprising: a measuring step for measuring a 
surface position of the substrate surface at a measure- 
ment position, while relatively scanning the substrate 
surface relative to the measurement position; a driving 

10 step for setting a target value, when a predetermined 
location on the substrate having passed the measure- 
ment position is placed at a predetermined position in a 
scan direction, on the basis of a measured value ob- 
tained in said measuring step, and for moving the sub- 

is strate so that the surface position of the substrate is reg- 
istered with the target value; a setting step for setting a 
time interval for changing the target value in said driving 
step, to be shorter than a time interval of measurement 
in said measuring step; and a determining step for de- 

20 termining a target value in relation to a particular location 
between different measurement positions on the sub- 
strate, on the basis of measured values related to those 
measurement positions before and after the particular 
location. 

25 [001 6] In said determining step, the target value in re- 
lation to the particular location may be determined on 
the basis of interpolation of the measured values related 
to those measurement positions before and after the 
particular location. 

30 [0017] The interpolation may comprise one of linear 
interpolation and multiple approximation interpolation. 
[001 8] Said method may further comprise measuring 
a position of the substrate with respect to one of the scan 
direction and a direction perpendicular to the scan di- 

35 rection, performing a correction drive to move the sub- 
strate to a predetermined position, and setting a time 
interval for the correction drive to be shorter than the 
time interval for the surface position measurement. 
[0019] In accordance with a second aspect of the 

40 present invention, there is provided a scanning expo- 
sure method for printing a pattern of an original on to a 
substrate while relatively scanning the original and the 
substrate, said method comprising: a measuring step for 
measuring a surface position of the surface of the sub- 

45 strate at a measurement position, while relatively scan- 
ning the substrate surface relative to the measurement 
position; a driving step for setting a target value, when 
a predetermined location on the substrate having 
passed the measurement position is placed at an expo- 

50 sure position, on the basis of a measured value obtained 
in said measuring step, and for moving the substrate so 
that the surface position of the substrate is registered 
with the target value; a setting step for setting a time 
interval for changing the target value in said driving step, 

55 to be shorter than a time interval of measurement in said 
measuring step; and a determining step for determining 
a target value in relation to a particular location between 
different measurement positions on the substrate, on 
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the basis of measured values related to those measure- 
ment positions before and after the particular location. 
[0020] In said determining step, the target value in re- 
lation to the particular location may be determined on 
the basis of interpolation of the measured values related 
to those measurement positions before and after the 
particular location. 

[0021] The interpolation may comprise one of linear 
interpolation and multiple approximation interpolation. 
[0022] Said method may further comprise measuring 
a position of the substrate with respect to one of the scan 
direction and a direction perpendicular to the scan di- 
rection, performing a correction drive to move the sub- 
strate to a predetermined position, and setting a time 
interval for the correction drive to be shorter than the 
time interval for the surface position measurement. 
[0023] Embodiments of the present invention will now 
be described with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic view of a main portion of a 
slit scan type projection exposure apparatus which 
uses a surface position detecting method according 
to an embodiment of the present invention. 
Figure 2 is a schematic view for explaining the re- 
lationship between wafer height, exposure region 
and height measurement position. 
Figure 3 is a schematic view for explaining the re- 
lation between wafer height, exposure region and 
height measurement position, in a second embod- 
iment of the present invention. 
Figures 4A and 4B are schematic views, respective- 
ly, for explaining the relation between the wafer 
height and positional deviation of X stage, in the 
second embodiment of the present invention. 
Figure 5 is a flow diagram of a method of manufac- 
turing semiconductor devices; 
Figure 6 is a flow diagram of wafer processing. 

[0024] Figure 1 is a schematic view of a portion of a 
slit-scan type projection exposure apparatus which is 
based on a surface position detecting method according 
to an embodiment of the present invention. 
[0025] Denoted in Figure 1 at 1 is a reduction projec- 
tion lens having an optical axis, denoted at AX in the 
drawing, and an image plane which is placed perpen- 
dicularly to Z direction illustrated. Reticle 2 is held by a 
reticle stage 3. The pattern of the reticle 2 is projected 
in a reduced scale of 1/4 or 1/2, according to the mag- 
nification of the projection lens, whereby an image of the 
pattern is formed on the image plane of the projection 
lens. Denoted at 4 is a wafer having a resist coating on 
its surface. There are a number of exposure zones 
(shots) on the wafer surface, which have been defined 
through a preceding exposure process or processes. 
Denoted at 5 is a stage for carrying a wafer thereon. The 
stage 5 includes a chuck for holding the wafer 4 on the 
wafer stage, by attraction, an X-Y stage being horizon- 



tally movable in X-axis and Y-axis directions, a leveling 
stage being movable in Z-axis direction (optical axis di- 
rection of the projection lens 1) and also being rotation- 
ally movable about axes parallel to the X and Y axes, 
s respectively, and a rotatable stage being rotationally 
movable about an axis parallel to the Z axis. The stage 
mechanism thus provides a six-axis correction system 
for bringing a reticle pattern image into registration with 
each exposure zone on the wafer. 
w [0026] The elements in Figure 1 denoted by reference 
numerals 1-10 function as components of a detection 
optical system for detecting the surface position or tilt of 
the wafer 4. Denoted at 1 0 is a light source. It may com- 
prise a white lamp, or it may comprise an illumination 
15 unit which is arranged to project light of a high-lumi- 
nance light emitting diode, having different peak wave- 
lengths. Denoted at 11 is a collimator lens which re- 
ceives the light from the light source 1 0 and projects par- 
allel light having substantially uniform sectional intensity 
20 distribution. Denoted at 1 2 is a slit member of prism-like 
shape, and it comprises a pair of prisms being cemented 
to each other so that their slant surfaces are opposed 
to each other. At the cemented surfaces, there are plural 
openings (e.g., six pinholes) which are defined by use 
25 of s chromium film, for example. Denoted at 1 3 is a lens 
system of dual-telecentric system, which serves to di- 
rect six light beams having passed through the pinholes 
of the slit member 12, respectively, to six measurement 
points on the wafer 4 surface, via a mirror 1 4. While only 
30 two beams are illustrated in the drawing, each beam 
represents there beams juxtaposed in parallel to each 
other with respect to the direction perpendicular to the 
sheet of the drawing. Here, with respect to the lens sys- 
tem 1 3, the plane on which the pinholes are formed and 
35 the plane including the wafer 4 surface are set to satisfy 
the Scheinmpflug's condition. 
[0027] In this embodiment, the incidence angle <j> of 
each light beam from the light projecting means on to 
the wafer 4 surface (the angle with respect to a normal 
40 to the wafer surface, i.e., with respect to the optical axis) 
is <|> = 70 deg. or more. As shown in Figure 3, there are 
a plurality of pattern regions (exposure zone shots) jux- 
taposed, on the wafer 4 surface. The six light beams 
passing the lens system 13 are incident on separate 
45 measurement points in a particular pattern region, as 
shown in Figure 2, and they are imaged thereon. Also, 
in order that the six measurement points may be ob- 
served upon the wafer 4 surface independently of each 
other, the light beams are projected in a direction rotated 
50 by an angle 6 (e.g. , 22.5 deg.) within the X-Y plane, from 
the X direction (scan direction). 
[0028] The above-described arrangement enables 
optimum spatial disposition of various components, as 
proposed in Japanese Patent Application, Application 
55 No. 157822/1991, filed in the name of the assignee of 
the subject application, and ensures high-precision de- 
tection of surface position information. 
[0029] Next, the portion for detecting reflection light 
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from the wafer 4, namely, components 15-19, will be 
described. Denoted at 16 is a light receiving lens of dual 
telecentric system, which serves to receive six reflection 
light beams from the wafer 4 surfac . Stopper 17 dis- 
posed within the light receiving lens 1 6 serves as a com- 
mon stop in relation to the six measurement points, and 
it serves to block higher-order diffraction light (noise 
light) which may be created by a circuit pattern formed 
on the wafer 4. The light beams passing the light receiv- 
ing lens 16, comprising a dual telecentric lens system, 
have their optical axes disposed parallel to each other, 
and they are re-imaged upon a detection surface of a 
photoelectric converging means group 19, by means of 
six separate correction lenses of a correction optical 
system group 18, so that they form light spots of the 
same size upon the detection surface. This light receiv- 
ing side, namely, components 16 - 18, is arranged to 
provide tilt correction so that all the measurement points 
on the wafer 4 surface and the detection surface of the 
photoelectric converting means group 19 are placed in 
an optically conjugate relation with each other. There- 
fore, any local inclination at any measurement point 
does not cause change in position of a pinhole image 
upon the detection surface. Thus, in response to a 
change in level (height) of each measurement point with 
respect to the optical axis AX direction, the pinhole im- 
age displaces upon the detection surface. 
[0030] Here, the photoelectric converting means 
group 1 9 comprises six one-dimensional (linear) CCD 
line sensors. This is advantageous over use of a two- 
dimensional (area) sensor, in the following points. First, 
because of separation of photoelectric converting devic- 
es, in design of the correction optical system group 1 8, 
the latitude of disposition of various optical elements 
and a mechanical holder becomes larger. Further, while 
the optical magnification from the mirror 15 to the cor- 
rection optical system group 18 should be made large 
for enhanced resolution of detection, also in this respect, 
the arrangement of dividing the light path so that sepa- 
rate lights are incident on individual sensors, respective- 
ly, enables compact disposition of elements. Moreover, 
in the slit-scan method, it is inevitable to execute suc- 
cessive focus measurements during the exposure proc- 
ess and therefore reduction of measurement time is an 
absolutely required factor. With conventional two-di- 
mensional CCD sensor, although it may be attributable 
to reading-out of data, more than required, it takes a 
read-out time ten times longer or more of that with a one- 
dimensional CCD sensor. 

[0031 ] Next, an exposure system of slit-scan type will 
be described. 

[0032] As shown in Figure 1, the reticle 2 is held by 
attraction on the reticle stage 3. Thereafter, it is scan- 
ningly moved at a constant speed, along a plane per- 
pendicular to the optical axis AX of the projection lens 
1 and in a direction RX (X-axis direction). Also, with re- 
spect to a direction RY (Y-axis direction, perpendicular 
to the sheet of the drawing) , correction drive of the reticle 



is performed so that a target coordinate position is con- 
stantly scanned. Positional information of the reticle 
stage with respect to the X direction and the Y direction, 
is continuously measured by projecting a plurality of la- 
5 ser beams, from an external reticle interferometer sys- 
tem (X and Y) 21 , on to an X-Y bar mirror 20 which is 
fixedly provided on the reticle stage 3 of Figure 1 . 
[0033] Exposure illumination optical system 6 uses a 
light source, such as an excimer laser, for example, 
10 which produces pulse light. While not shown in the draw- 
ing, the exposure illumination optical system 6 further 
comprises a beam shaping optical system, an optical 
integrator, a collimator and a mirror, for example. These 
components are made of a material or materials effec- 
ts tively transmit or reflect pulse light of deep ultraviolet 
region. The beam shaping optical system serves to 
transform a received light beam into a desired sectional 
shape, including size. The optical integrator serves to 
uniform the distribution characteristic of light so that the 
20 reticle 2 may be illuminated with uniform illuminance. By 
means of a masking blade, not shown, provided in the 
exposure illumination optical system 6, a rectangular il- 
lumination region corresponding to the chip size is de- 
fined. A pattern of the reticle 2 as locally or partially illu- 
25 minated with that illumination region, is projected by the 
projection lens 1 on to the wafer 4 which is coated with 
a resist material. 

[0034] Main control 27 shown in Figure 1 controls the 
whole system so that the scanning exposure process is 

30 performed to scanningly expose a predetermined zone 
on the wafer 4 with a slit image of the reticle 2, while 
adjusting the position within the X-Y plane (X and Y po- 
sitions as well as rotation 9 about an axis parallel to Z 
axis) and the position in Z direction (rotations a and p 

35 about axes parallel to X and Y axes, respectively, as well 
as height Z along the Z axis). More specifically, as re- 
gards alignment of the reticle pattern within the X-Y 
plane, control data is calculated from positional data ob- 
tained through the reticle interferometer 21 and a wafer 

40 stage interferometer 24 as well as from wafer positional 
data obtained through an alignment microscope, not 
shown. In accordance with the thus produced control 
data, a reticle position control system 22 and a wafer 
position control system 25 are controlled, to accomplish 

45 the alignment. When the reticle stage 3 is scanningly 
moved in a direction of an arrow 3a in Figure 1 , the wafer 
stage 5 is moved in a direction of an arrow 5a in Figure 
1 , at a speed corrected in accordance with the reduction 
magnification of the projection lens. The scanning 

50 speed of the reticle stage 3 may be determined to pro- 
vide a higher throughput, on the basis of the width of the 
masking blade (not shown) of the exposure illumination 
optical system 6 in the scan direction and the sensitivity 
of a resist material applied to the wafer 4 surface. 

55 [0035] As regards alignment of the reticle pattern with 
respect to the Z-axis direction, namely, registration with 
the image plane, it is performed so that, on the basis of 
the result of calculation in a surface position detecting 
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system 26 which serves to detect height data of the wa- 
fer 4, the leveling stage of the wafer stage is controlled 
by means of the waf r position control system 25. More 
specifically, from th height data at three measurement 
light spots, for wafer surface level measurement, de- 
fined in the vicinity of the slit with respect to the scan 
direction, the tilt in a direction perpendicular to the scan 
direction as well as the height with respect to the optical 
axis AX direction are calculated. 
Then, on the basis of this, correction amount for opti- 
mum image plane position, at the exposure position, is 
determined. Correction is made in accordance with this 
determination. 

[0036] in the following, a method of detecting the 
height position (level) of an exposure region of a wafer 
4 in accordance with a surface position detection of the 
present invention will be described. 
[0037] Figure 2(a), shows the relation between a wa- 
fer height measurement position and the position of ex- 
posure region during the wafer exposure process. It is 
assumed here that a pattern of a reticle is going to be 
printed on an exposure region C on the surface of a wa- 
fer 41 which is being moved in a direction of an arrow 
X. In Figure 2(a), height measuring means 40B is pro- 
vided at a position before the center A of the exposure 
region C with respect to the wafer movement direction, 
which position is spaced by a distance d from the center 
A. At the moment as the point A comes to a position just 
below the height measuring means 40B, the height of 
the wafer surface at the point A is measured. Then, at 
the moment as the point A comes to the center of the 
exposure region C, the wafer height is adjusted into reg- 
istration with the exposure plane. The wafer height 
measurement sampling interval in this case corre- 
sponds to the time period by which the wafer moves 
through the distance d. 

[0038] When the height of the wafer surface should 
be changed during the exposure process, there may be 
three cases. First is for variation with a change in height 
within a chip. Second is for variation at the junction 
(scribe line) of chips. Third is for variation as an expo- 
sure region comes from the outside into the inside of the 
wafer. As regards the variation within a chip, since the 
cell portion and the peripheral circuit portion may be 
generally flattened through a CMP process, for exam- 
ple, the surface level difference may be about 1 - 2 mi- 
crons. As regards the surface level difference between 
the chip and the scribe line, while it may be larger than 
that within the chip, any way it may be within a range of 
a few microns. To these variations, for exposure of an 
outer peripheral portion of a wafer, the wafer surface is 
first held at an appropriate level. Then, after the height 
measuring means comes to a position on the wafer 
where the height measurement is attainable, the height 
measurement is performed. Then, until the exposure re- 
gion moves on to the wafer, the height drive is per- 
formed. As a consequence, there are cases in which the 
wafer height should be changed by about ten microns 



within a time period in which the wafer moves through 
the distance from the center of the exposure region to 
the wafer height measuring sensor. 
[0039] Thus, the response speed of the wafer height 

5 control system should not be determined in considera- 
tion of the surface level difference within the wafer only. 
Rather, the response speed of the wafer height control 
system should be determined in the case as the meas- 
uring system comes from the outside into the inside of 

10 the wafer during the exposure process. For this reason, 
the response speed of the wafer height control system 
has a sufficient speed, enough for drive through a dis- 
tance corresponding to the variation in height within the 
chip, in the time period in which the wafer moves through 

is a distance from the center of the exposure region to the 
wafer height measuring sensor. 
[0040] Figure 2(c) shows the relation among a wafer 
surface 41 , a wafer height 44 as moved, and a focus 
error 45 in a case where, in the example of Figure 2(a), 

20 the response speeds of the detection system and the 
driving system are higher as compared with the wafer 
scan speed. Since the response speed is higher than 
the measurement interval, there is a larger focus error 
between measurement points. 

25 [0041 ] Figure 2(d) shows an example where the sam- 
pling interval is 1/5 of that of the Figure 2(c) example. 
Also, there is shown the relation among a wafer surface 
41 , a wafer height 46 as moved, and a focus error. It is 
seen that, as compared with Figure 2(c), the focus error 

30 is smaller. However, since one-dimensional CCD line 
sensors are used in the photoelectric converting means 
group 19, and from the relation between the light quan- 
tity of the light source 10 and the accumulation time of 
CCD, it is not possible to reduce the sampling time im- 

35 moderately. Further, even if the light quantity of the light 
source 10 is enlarged and the sampling interval is made 
shorter, the quantity of traffic flowing through the data 
bus of the measurement system may also increase, 
such that the control system may become complicated 
40 and expensive. Any way, since the exposure region has 
a fixed width in the wafer scan direction, it is substan- 
tially impossible to follow the surface irregularity of a pe- 
riod shorter than that width. Thus, performing the meas- 
urement with an excessively short interval is not mean- 
45 ingful. 

[0042] In the present embodiment, in consideration of 
the above, the sampling interval d is unchanged and, in 
place, the interval of drive signal application is made 
shorter than the sampling interval. Also, this interval of 

so drive signal application is made shorter than the re- 
sponse time of the control system. As regards the data 
between sampling points, those which are obtainable 
through interpolation, such as linear interpolation or 
multiple approximation interpolation, of values based on 

55 measured data obtained at plural sampling points, in- 
cluding the preceding sampling point and the subse- 
quent sampling point, are used. 
[0043] Figure 3 illustrates an example of drive during 
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wafer exposure process, according to the present inven- 
tion. For simplicity of illustration, it is assumed that ther 
is only one wafer h ight measuring means, the move- 
ment and measurement direction is in the same direc- 
tion (Z direction) as th direction of th lens optical axis, 
and there is no drive in the wafer tilt direction (a or P). 
The wafer height measurement sampling interval is still 
d, and Z-position drive signals are applied with an inter- 
val d/5. The response time of the Z stage control system 
is longer than the time period in which the wafer moves 
through a distance d/5. At the measurement step N-1 , 
the wafer height measuring means measures the posi- 
tion of the point N on the wafer. The center of the expo- 
sure region is at the position of point N-1, wherein the 
position N-1 is outside the wafer. Further, designated 
drive amount between these steps is the one as ob- 
tained through interpolation of height measured values 
obtained by the preceding and succeeding measure- 
ments. 

[0044] Under these conditions, at step N-1 , the wafer 
surface is not at the exposure position, and an appro- 
priate drive designation signal is applied to move the Z 
stage at an appropriate position. This position may be 
at a predetermined height from the wafer chuck, or it 
may be the height of the wafer position closest to the 
wafer position having been measured earlier. Alterna- 
tively, a value at an outside peripheral portion of the wa- 
fer may be measured beforehand, and the measured 
value may be used. The designated drive amount be- 
tween step N-1 and step N may be obtained through 
interpolation, on the basis of the wafer surface height as 
detected at step N-1 and of the drive designated value 
at the step N-1 . 

[0045] At step N, the center of exposure position 
comes on to the wafer, and the wafer exposure process 
is initiated. The height drive correction value at step N 
is the value which is based on the wafer height meas- 
ured value at step N-1 and, at this moment, the wafer 
surface height at step N+1 is performed. The drive des- 
ignated value from step N to step N+1 may be deter- 
mined through interpolation, on the basis of the wafer 
surface height at the center of exposure position in step 
N+1 , as measured at step N (i.e., measurement position 
of the wafer height measuring means at step N) as well 
as the wafer height drive designated value for step N. 
Similar operations as described above are repeated 
with respect to step N+2 and steps following it, and wa- 
fer height drive is performed during the exposure proc- 
ess. 

[0046] With the procedure of this embodiment de- 
scribed above, the focus error is reduced. Also, since 
the target value is changed with intervals shorter than 
the response speed of the Z stage control system, there 
does not occur vibration which otherwise may be pro- 
duced in the drive during convergence to a target value. 
Further, the measurement time is longer as compared 
with a case where the sampling interval is made equal 
to d/5, the system can be structured by use of a simple 



control system. 

[0047] As regards the target value to be applied, the 
response of the control system may b taken in to ac- 
count such that a value corresponding to response de- 
5 lay may be added to the value obtained through inter- 
polation. 

[0048] While in Figure 3 the wafer height measure- 
ment and the Z-position drive signal application in each 
step are performed at the same timing, the timing of Z- 
10 position drive signal application may be changed while 
taking the delay of driving system into account. Further, 
while in the illustrated example there is no drive in the 
wafer tilt direction (a or P), as a matter of course, the 
present invention is applicable also to measurement 
15 and drive with respect to such tilt direction. 

[0049] On the other hand, application of the present 
invention is effective to solve a problem of degradation 
of line width precision due to abbe correction. Figure 4A 
shows motion of an X-stage in relation to abbe correc- 
20 tion, wherein the axis of abscissa denotes time. The 
spacing between points a and k corresponds to the time 
required for a wafer to scan through the distance d be- 
tween the center of exposure region and the wafer 
height detection system. The response speed of the 
25 stage is the time required for the wafer to move through 
a distanced/2. Points a, b, and k represent the timing 
of sampling and rewriting of target value, for wafer and 
reticle stage interferometers. Z sampling and driving is 
performed only once during the period from a to k. 
30 [0050] In Figure 4A, denoted at 50 is a read-out value 
of the interferometer in a case where there is no Z-axis 
drive. Inherently, it should be illustrated by a curve since 
the target value varies between points a and k. For con- 
venience in explanation, however, it is illustrated with a 
35 constant target value between points a and k. If Z-axis 
drive is effected at timing of point f, the read-out value 
of the interferometer may shift as depicted at 51 , by an 
amount corresponding to an abbe error. In order to cor- 
rect this, the target value is corrected at timing of point 
40 h by an amount corresponding to the abbe error. Since 
however the amount of correction at 52 is large, devia- 
tion of the X stage from its target value becomes large, 
after point g, as depicted at 53. 
[0051] Figure 4B shows motion of the X-stage in re- 
45 lation to the abbe correction, in a case where the present 
invention is applied. Z-axis drive is effected at timings 
of points a, c, e. g, i, and k. The target value for the inter- 
ferometer is changed at points c, d, f, h, and j, in accord- 
ance with the drive amounts of a, c, e, g, i, and k, re- 
50 spectively. Final correction values for the interferometer, 
namely, those at 52 and 55, are of the same amount. 
However, since the target value for the stage (i.e., the 
correction value for the interferometer) is changed with 
intervals faster than the response speed of the X-stage 
55 and the correction is done frequently, stage vibration is 
not created and the deviation 56 from the target value 
is smaller than that at 53. 

[0052] As described, when the present invention is 
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applied to a case where an abbe error produced by Z- 
position drive is to be correct d, it is possible to reduce 
the positional error in X direction, such that an exposure 
process of free from or with reduc d variation in printed 
line width is enabled. Although the foregoing description 
has been made with respect to the X-stage which moves 
in the scan direction, the same applies to a Y stage. The 
abbe correction may be made with respect to the reticle 
stage side, not on the wafer stage side. However, in 
such occasion, the correction amount may increase in 
accordance with the magnification of the reduction pro- 
jection lens. 

[0053] An explanation will be given below of a method 
for manufacturing semiconductor devices by using the 
SOR exposure system described above. 
[0054] Fig. 5 is a flowchart showing the sequence of 
the operation of manufacturing semiconductor devices 
(semiconductor chips, such as ICs or LSIs, liquid-crystal 
panels, or CCDs). 

[0055] Referring to the flowchart shown in Fig. 5 in 
step 1 (circuit design), circuits of semiconductor devices 
are designed. In step 2 (manufacture of masks), masks 
having designed circuit patterns formed thereon are 
manufactured, in step 3 (manufacture of wafers), wafers 
are manufactured by using materials, such as silicon. 
Step 4 (wafer process) is called a pre-step, whereby ac- 
tual circuits are formed on wafers by lithography tech- 
nology by using the masks and wafers produced as de- 
scribed above. The subsequent step 5 (fabrication) is 
called a post step, whereby semiconductors are formed 
into chips by using the wafers manufactured in step 4. 
This step includes an assembly step (dicing, bonding), 
a packaging step (enclosing chips), and the like. In step 
6 (inspection), inspection, for example, a test for con- 
firming the operations of semiconductor devices manu- 
factured in step 5, or a durability test, is performed. Sem- 
iconductor devices are completed through the process- 
es described above and shipped (step 7). 
[0056] Fig. 6 shows a detailed flowchart for the wafer 
process. In step 11 (oxidation), the surface of the wafer 
is oxidized. In step 1 2 (CVD), an insulating film is formed 
on the surface of the wafer. In step 13 (electrode - for- 
mation), electrodes are formed on the wafer by deposi- 
tion. In step 14 (ion implantation), ions are implanted 
into the wafer. In step 1 5 (resist process, a photosensi- 
tizing agent is applied to the wafer. In step 16 (expo- 
sure), a circuit pattern of the mask is printed and ex- 
posed to the wafer by means of the SOR exposure sys- 
tem of the above-described embodiment. In step 17 (de- 
velopment), the exposed wafer is developed. In step 18 
(etching), portions other than the developed resist im- 
age are etched. In step 19 (resist peel-off), resists which 
become unnecessary after etching is performed are re- 
moved. Circuit patterns are formed on the wafer in a 
multi-form by performing these steps repeatedly. 
[0057] While the invention has been described with 
reference to the structures disclosed herein, it is not con- 
fined to the details set forth and this application is in- 



tended to cover such modifications or changes as spec- 
ified in the appended claims. 



5 Claims 

1 . A surface position setting method for setting a sur- 
face position of a substrate, said method compris- 
ing: 



w 



15 



20 



25 



30 



a measuring step for measuring a surface po- 
sition of the substrate surface at a measure- 
ment position, while relatively scanning the 
substrate surface relative to the measurement 
position; 

a driving step for setting a target value, when a 
predetermined location on the substrate having 
passed the measurement position is placed at 
a predetermined position in a scan direction, on 
the basis of a measured value obtained in said 
measuring step, and for moving the substrate 
so that the surface position of the substrate is 
registered with the target value; 
a setting step for setting a time interval for 
changing the target value in said driving step, 
to be shorter than a time interval of measure- 
ment in said measuring step; and 
a determining step for determining a target val- 
ue in relation to a particular location between 
different measurement positions on the sub- 
strate, on the basis of measured values related 
to those measurement positions before and af- 
ter the particular location. 



35 2. A method according to claim 1 , wherein, in said de- 
termining step the target value in relation to the par- 
ticular location is determined on the basis of inter- 
polation of the measured values related to those 
measurement positions before and after the partic- 

40 ular location. 

3. A method according to claim 2, wherein the inter- 
polation comprises on of linear interpolation and 
multiple approximation interpolation. 

45 

4. A method according to any preceding claim, further 
comprising measuring a position of the substrate 
with respect to one of the scan direction and a di- 
rection perpendicular to the scan direction, perform- 

so ing a correction drive to move the substrate to a pre- 
determined position, and setting a time interval for 
the correction drive to be shorter than the time in- 
terval for the surface position measurement. 

55 5. A scanning exposure method for printing a pattern 
of an original on to a substrate while relatively scan- 
ning the original and the substrate, said method 
comprising: 
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6. 



a measuring step for measuring a surface po- 
sition of the surface of the substrate at a meas- 
urement position, while relatively scanning the 
substrate surface relative to th measurement 
position; 

a driving step for setting a target value, when a 
predetermined location on the substrate having 
passed the measurement position is placed at 
an exposure position, on the basis of a meas- 
ured value obtained in said measuring step, 
and for moving the substrate so that the surface 
position of the substrate is registered with the 
target value; 

a setting step for setting a time interval for 
changing the target value in said driving step, 
to be shorter than a time interval of measure- 
ment in said measuring step; and 
a determining step for determining a target val- 
ue in relation to a particular location between 
different measurement positions on the sub- 
strate, on the basis of measured values related 
to those measurement positions before and af- 
ter the particular location. 

A method according to Claim 5, wherein, in said de- 
termining step, the target value in relation to the par- 
ticular location is determined on the basis of inter- 
polation of the measured values related to those 
measurement positions before and after the partic- 
ular location. 



relativ zur MeBstell ; 

einem Ansteuerschritt zum Einstellen eines 
Zielwertes, wenn ein vorbestimmter Ort auf 
dem Substrat die MeGstelle passiert hat und 

s sich an einer vorbestimmten Position in Abta- 

strichtung befindet, auf der Grundlage eines im 
MeGschritt gewonnenen MeGwertes und zum 
Bewegen des Substrates, so daG die Oberfia- 
chenlage des Substrats mit dem Zielwert regi- 

10 striert wird; 

einem Einstellschritt zum Einstellen eines Zeit- 
intervalls zum Andern des Zielwertes im An- 
steuerschritt auf einen kurzeren Wert als ein 
Zeitintervall der Messung im MeGschritt; und 

is einem Bestimmungsschritt zum Bestimmen ei- 

nes Zielwertes in Bezug auf einen speziellen 
Ort zwischen unterschiedlichen MeGstellen auf 
dem Substrat auf der Grundlage gemessener 
Werte bezQglich jener MeGstellen vor und nach 

20 dem speziellen Ort. 

2. Verfahren nach Anspruch 1, bei dem der Bestim- 
mungsschritt den Zielwert in Bezug auf den beson- 
deren Ort auf der Grundlage einer Interpolation der 

25 gemessenen Werte bezogen auf jene MeGstellen 
vor und nach dem speziellen Ort bestimmt. 

3. Verfahren nach Anspruch 2, bei dem die Interpola- 
tion eine Linearinterpolation und eine Mehrfachap- 

30 proximationsinterpolation umfaGt. 



A method according to Claim 6, wherein the inter- 
polation comprises one of linear interpolation and 
multiple approximation interpolation. 

A method according to any of claims 5 to 7, further 
comprising measuring a position of the substrate 
with respect to one of the scan direction and a di- 
rection perpendicular to the scan direction, perform- 
ing a correction drive to move the substrate to a pre- 
determined position, and setting a time interval for 
the correction drive to be shorter than the time in- 
terval for the surface position measurement. 

A device manufacturing method comprising the 
scanning exposure method according to any one of 
claims 5 to 8, and the step of fabricating a device 
using the exposed substrate. 



Patentanspruche 



1. Verfahren zum Einstellen einer Oberllachenlage 
auf einem Substrat, mit den Verfahrensschritten: 

einem MeGschritt zum Messen einer Oberfia- 
chenlage der Substratoberflache an einer 
MeGstelle bei Abtasten der Substratoberflache 



4. Verfahren nach einem der vorstehenden AnsprQ- 
che, mit den weiteren Verfahrensschritten des Mes- 
sens einer Position vom Substrat in Hinsicht auf 

35 entweder die Abtastrichtung Oder eine Richtung 
senkrecht zur Abtastein richtung, des Ausfuhrens 
einer Korrekturansteuerung, urn das Substrat auf 
eine vorbestimmte Position zu bringen, und des 
Einzustellens eines Zeitintervalls fur die Korrektur- 

40 ansteuerung auf einen kurzeren Wert als das Zeit- 
intervall fur die Oberflachenlagemessung. 

5. Abtastbelichtungsverfahren zum Drucken eines 
Musters eines Originals auf ein Substrat beim Ab- 

45 tasten des Originals relativ zum Substrat, mit den 
Verfahrensschritten: 

einem MeGschritt zum Messen einer Oberfla- 
chenlage der Oberf lache vom Substrat an einer 

so MeGstelle bei Abtastung der Substratoberfla- 

che relativ zur MeGstelle; 
einem Ansteuerschritt zum Einstellen eines 
Zielwertes auf der Grundlage eines im 
MeGschritt gewonnenen MeGwertes, wenn ein 

55 vorbestimmter Ort auf dem Substrat die MeG- 

stelle passiert hat und an einer Belichtungspo- 
sition plaziert ist, und zum Bewegen des Sub- 
strates so, daG die Oberflachenlage vom Sub- 
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strat mit dem Zielwert registriert wird; 
einem Einstellschritt zum Einstellen eines Zeit- 
intervalls zum Andern eines Zielwertes im An- 
steuerschritt auf einen kurzeren Wert als ein 
Zeitintervall der Messung im MeBschritt; und 
einem Bestimmungsschritt zum Bestimmen ei- 
nes Zielwertes in Beziehung auf einen speziel- 
len Ortzwischen unterschiedlichen MeQstellen 
auf dem Substrat auf der Grundiage gemesse- 
ner Werte bezuglich jener MeBstellen vor und 
nach dem speziellen Ort. 

6. Verfahren nach Anspruch 5, bei dem der Bestim- 
mungsschritt den Zielwert in Beziehung auf den 
speziellen Ort auf der Grundiage einer Interpolation 
gemessener Werte bezogen auf jene MeBstellen 
vor und nach dem speziellen Ort bestimmt. 

7. Verfahren nach Anspruch 6, bei dem die Interpola- 
tion eine Linearinterpolation und eine Mehrfachap- 
proximationsinterpolation umfaBt. 

8. Verfahren nach einem der Anspruche 5 bis 7, mit 
den weiteren Verfahrensschritten des Messens ei- 
ner Position vom Substrat in Hinsicht auf entweder 
die Abtastrichtung oder eine Richtung senkrecht 
zur Abtastrichtung, des Ausfuhrens einer Korrektur- 
ansteuerung zum Bewegen des Substrats an eine 
vorbestimmte Position und des Einstellens eines 
Zeitintervalls fur die Korrekturansteuerung auf ei- 
nen kurzeren Wert als das Zeitintervall fur die Ober- 
flachenlagemessung. 

9. Herstellverfahren, das das Abtastbelichtungsver- 
fahren gemaB einem der Anspruche 5 bis 8 und den 
Schritt der Herstellung einer Einrichtung unter Ver- 
wendung des belichteten Substrats umfaBt. 



Revendications 

1 . Procede d'etablissement de position d'une surface 
pour etablir la position d'une surface d'un substrat, 
ledit process comprenant : 



trat coincide avec la valeur de consigne ; 
une etape d'etablissement pour etablir un inter- 
vals de temps pour modifier la valeur de con- 
signe dans ladite etape d'entrainement, afin 

s qu'il soit plus court qu'un intervalle de temps de 

mesure dans ladite etape de mesure ; et 
une etape de determination pour determiner 
une valeur de consigne par rapport a un empla- 
cement particulier entre differentes positions 

10 de mesure sur le substrat, sur la base de va- 

leurs mesurees associ£es aux positions de me- 
sure avant et apres I'emplacement particulier. 

2. Precede" selon la revendication 1 , dans lequel, dans 
15 ladite etape de determination, la valeur de consigne 

par rapport a Pemplacement particulier est determi- 
ned sur la base d'une interpolation des valeurs me- 
surees associees aux positions de mesure avant et 
apres I'emplacement particulier. 

20 

3. Precede selon la revendication 2, dans lequel In- 
terpolation comprend une interpolation Iin6aire et 
une interpolation par approximations multiples. 

25 4. Procede selon Tune quelconque des revendications 
pr6cedentes, comprenant en outre une mesure 
d'une position du substrat par rapport a Tune de la 
direction de balayage et une direction perpendicu- 
laire a la direction de balayage, Pexecution d'un en- 

30 traTnement de correction pour deplacer le substrat 
jusqu'a une position predetermine^ et retablisse- 
ment d'un intervalle de temps pour I'entrainement 
pour la correction afin qu'il soit plus court que I'in- 
tervalle de temps pour la mesure de la position de 

35 surface. 

5. Procede d'exposition par balayage pour imprimer 
un motif d'un original sur un substrat tout en effec- 
tual un balayage relatif de I'original et du substrat, 
40 ledit procede comprenant : 

une etape de mesure pour mesurer une posi- 
tion de surface de la surface du substrat dans 
une position de mesure, tout en realisant un ba- 
45 layage relatif de la surface du substrat par rap- 

port a la position de mesure ; 
une etape d'entrainement pour etablir une va- 
leur de consigne, lorsqu'un emplacement pre- 
determine sur le substrat ayant passe la posi- 
tion de mesure est place dans une position 
d'exposition, sur la base d'une valeur mesuree 
obtenue dans ladite etape de mesure, et pour 
deplacer le substrat afin que la position de sur- 
face du substrat coincide avec la valeur de 
consigne ; 

une etape d'etablissement pour etablir un inter- 
valle de temps pour modifier la valeur de con- 
signe dans ladite etape d'entrainement, afin 



une etape de mesure pour mesurer une posi- 
tion de surface de la surface d'un substrat dans 
une position de mesure, tout en produisant un 
balayage relatif de la surface du substrat par 
rapport a la position de mesure ; 50 
une etape d'entrainement pour etablir une va- 
leur de consigne, lorsqu'un emplacement pre- 
determine sur le substrat ayant passe par la po- 
sition de mesure est place dans une position 
predeterminee dans une direction de balayage, 55 
sur la base d'une valeur mesuree obtenue dans 
ladite etape de mesure, et pour deplacer le 
substrat afin que la position de surface du subs- 
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qu'il soit plus court que I'intervalle de temps de 
mesure dans ladite etape de mesure ; et 
une etape de determination pour determiner 
une valeur de consigne par rapport & un empla- 
cement particulier entre les difterentes posi- 5 
tions de mesure sur le substrat, sur la base de 
valeurs mesur6es associees aux positions de 
mesure avant et aprfcs I'emplacement particu- 
lier. 

10 

6. Procede selon la revendication 5, dans lequel, dans 
ladite etape de determination, la valeur de consigne 
par rapport k I'emplacement particulier est determi- 
ne sur la base d'une interpolation des valeurs me- 
sur6es par rapport aux positions de mesure avant is 
et aprfcs I'emplacement particulier. 

7. Procede selon la revendication 6, dans lequel In- 
terpolation comprend une interpolation lin6aire et 
une interpolation par approximations multiples 20 

8. Procede selon Tune quelconque des revendications 
5 & 7, comprenant en outre une mesure d'une po- 
sition du substrat par rapport k Tune de la direction 

de balayage et une direction perpendicuiaire & la 25 
direction de balayage, I'execution d'un entraine- 
ment de correction pour d6placer le substrat jusqu'i 
une position predetermine^ et retablissement d'un 
intervalle de temps pour I'entraTnement de correc- 
tion af in qu'il soit plus court que I'intervalle de temps so 
pour la mesure de la position de surface. 

9. Procede de fabrication de dispositifs comprenant le 
procede d'exposition par balayage selon I'une quel- 
conque des revendications 5 & 8, et retape de fa- -35 
brication d'un dispositif utilisant le substrat expose. 
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